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This| commented version (CMV) of the official standard IEC 60086-4:2025 edition
allkornrruw—rrnmmﬂhranmrrm—mrmms—mzmg

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PRIMARY BATTERIES -
Part 4: Safety of lithium batteries

FORFWORD

al| national electrotechnical committees (IEC National Committees). The object of IEC is to promoteTintern

cd-operation on all questions concerning standardization in the electrical and electronic fields.,Toxthis en
inladdition to other activities, IEC publishes International Standards, Technical Specifications, Fgchnical Re
Pdiblicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)").

preparation is entrusted to technical committees; any IEC National Committee interested in the subject dea
may participate in this preparatory work. International, governmental and non-governmental-organizations li
with the IEC also participate in this preparation. IEC collaborates closely with the Interhational Organizati
Standardization (ISO) in accordance with conditions determined by agreement between the two organizati

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization coerising

tional
d and
ports,
Their
t with
hising
bn for
ns.

The formal decisions or agreements of IEC on technical matters express, as néarly as possible, an interndtional

cdnsensus of opinion on the relevant subjects since each technical commiitiée has representation frg
inferested IEC National Committees.

m all

IE|JC Publications have the form of recommendations for international dse and are accepted by IEC Ngtional

Committees in that sense. While all reasonable efforts are made to.ensure that the technical content g
Publications is accurate, IEC cannot be held responsible for,the/way in which they are used or fo
m|sinterpretation by any end user.

In[ order to promote international uniformity, IEC National Committees undertake to apply IEC Public
transparently to the maximum extent possible in their natignal*and regional publications. Any divergence be
arly IEC Publication and the corresponding national or regional publication shall be clearly indicated in the

IE|C itself does not provide any attestation of conformity. Independent certification bodies provide conf
agsessment services and, in some areas, access\to IEC marks of conformity. IEC is not responsible fd
sgrvices carried out by independent certification\bodies.

Alfl users should ensure that they have the {atést edition of this publication.

N¢ liability shall attach to IEC or its directors, employees, servants or agents including individual expert
members of its technical committees and IEC National Committees for any personal injury, property dama
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feesg
e)lpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

Aftention is drawn to the Normative references cited in this publication. Use of the referenced publicati
inflispensable for the correct application of this publication.

IEIC draws attention”to~the possibility that the implementation of this document may involve the use
pdtent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rig
reppect thereof. As\of the date of publication of this document, IEC had not received notice of (a) patent(s),

f IEC
r any

btions
ween
atter.

rmity
r any

5 and
ge or
) and
I IEC

ns is

bf (a)
hts in
Which

may be required-to implement this document. However, implementers are cautioned that this may not represent

the latest information, which may be obtained from the patent database available at https://patents.iec.cH
shall not've*held responsible for identifying any or all such patent rights.

. IEC

6.0

edition 5.0. Furthermore, comments from IEC TC 35 experts are provided to explain the
reasons of the most relevant changes, or to clarify any part of the content.

A vertical bar appears in the margin wherever a change has been made. Additions are in
green text, deletions are in strikethrough red text. Experts' comments are identified by a
blue-background number. Mouse over a number to display a pop-up note with the
comment.

This publication contains the CMV and the official standard. The full list of comments is
available at the end of the CMV.
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IEC 60086-4 has been prepared by technical committee 35: Primary cells and batteries. It is an
International Standard.

This sixth edition cancels and replaces the fifth edition published in 2019. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

The text of this International Standard is basedon the following documents:

Full [nformation on the voting far its approval can be found in the report on voting indicat
the gabove table.

The Janguage used for the development of this International Standard is English.

This
accordance withJISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, avai
at www.iec.chimembers_experts/refdocs. The main document types developed by IEC
desdribed in‘greater detail at www.iec.ch/publications.

NOTH 1</The following print types are used:

Added definitions for leakage and venting, in addition to the test criteria;

B + ol A H o + 4

NTVIoTU UuveiTuiouliiaryc toot,

evised marking requirements;

evised criteria for the child resistant packaging test;

dded a new Annex G with additional measures against misuse of batteries not inte
br consumer replacement;

htegrated the contents of Interpretation Sheet 1 (IEC 60086-4:2019/SH1:2020);

F
F
CGhanged the purpose of Annex F from "informative" to "normative";
A
f

ystems, battery shapes, battery sizes, electrical characteristics, specifications, s
spects, failure modes;

Qo =

N 6.4.4, the exemption for the shock acceleration for lithium primary batteries was red
om 12 kg to 4,482 kg in order to reflect the fact that this is the threshold in IEC 62
est T-4, where the peak acceleration decreases.below 150 g..

o

Draft Report on voting

35/1571/FDIS 35/1579/RVD

nded

n Clause 3, terms were reordered according their functions: basic terms, electrochemnical

bfety

iced
281,

Bd in

document was_drafted in accordance with ISO/IEC Directives, Part 2, and developéd in

able
are

instructions/warnings for consumers: in italic type.

A list of all parts in the IEC 60086 series, under the general title Primary batteries, can be found
on the IEC website.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,
e withdrawn, or

e revised.

NOTE 2 The attention of National Committees is drawn to the fact that equipment manufacturers and testing
organizations may need a transitional period following publication of a new, amended or revised IEC document in
which to make products in accordance W|th the new reqwrements and to eqU|p themselves for conductlng new or
revisdd i F gd for
|mplenentat|on natlonally not earlier than 2 years from the date of publication. The transitional period_ applies
specifically to changes in Table 10. In the meantime, the previous edition can still be ordered by contactind your
local [EC member National Committee or the IEC Secretariat.

IMRORTANT - The "colour inside” logo on the cover page of this document indicgtes
thalt it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

The concept of safety is closely related to safeguarding the integrity of people and property.
This document specifies tests and requirements for lithium batteries and has been prepared in
accordance with ISO/IEC guidelines, taking into account all relevant national and international
standards which apply.

Lithium batteries are different from conventional primary batteries using aqueous electrolyte in
that they contain flammable materials.

Congeqguently, ftis tmportant to carefully consider safety during design, production, distribgtion,
use,|and disposal of lithium batteries. Based on such special characteristics, lithium batteries
for consumer applications were initially small in size and had low power output. There were|also
lithium batteries with high power output which were used for special industrial_and military
applications and were characterized as being "technician replaceable". The first)edition of this
docyment was drafted to accommodate this situation.

Howegver, from around the end of the 1980s, lithium batteries with high-power output started to
be widely used in the consumer replacement market, mainly as a(power source in camera
applications. Since the demand for such lithium batteries with high.-power output significantly
incrgased, various manufacturers started to produce these types’ of lithium batteries. As a
congequence of this situation, the safety aspects for lithium<batteries with high power otitput
werg included in the second edition of this document.

Primjary lithium batteries both for consumer and industfial applications are well-established|safe
and [reliable products in the market, which is at_least partly due to the existence of safety
stanflards such as this document and, for transport, IEC 62281. The fourth edition of| this
docyment reflected minor changes which became™necessary in order to keep it harmonized| with
IEC 62281 and to continuously improve the.user information about safety related matters.

Guidelines addressing safety issues-.during the design of lithium batteries are providgd in
Annex A. Annex B provides guidelines-addressing safety issues during the design of equipnent
whetre lithium batteries are installed.’Both Annex A and Annex B reflect experience with lithium
battéries used in camera applications and are based on [22]".

The jngestion hazard of coincell batteries has become an issue and was addressed in thq fifth
and pixth editions of this.document by several independent measures such as the developent
of a pew safety sign"KEEP OUT OF REACH OF CHILDREN" as well as the introduction of ghild
residtant packaging:

A ngw Annex G addresses measures against misuse of cells and batteries not intendefl for
congumer<eplacement.

Safeftynis freedom from unacceptable risk. There can be no absolute safety: some risk will
remain. Therefore a product, process or service can only be relatively safe. Safety is achieved
by reducing risk to a tolerable level determined by the search for an optimal balance between
the ideal of absolute safety and the demands to be met by a product, process or service, and
factors such as benefit to the user, suitability for purpose, cost effectiveness, and conventions
of the society concerned.

As safety will pose different problems, it is impossible to provide a set of precise provisions and
recommendations that will apply in every case. However, this document, when followed on a
judicious "use when applicable" basis, will provide reasonably consistent standards for safety.

1 Numbers in square brackets refer to the Bibliography.
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PRIMARY BATTERIES -

Part 4: Safety of lithium batteries

1 Scope

This part of IEC 60086 specifies tests and requirements for primary lithium batteries to ensure
their[safe operation under intended use and reasonably foreseeable misuse.

NOTH Primary lithium batteries that are standardized in IEC 60086-2 are expected to meet ‘alll appl|cable
requifements herein. It is understood that consideration of this part of IEC 60086 might also be gi%en to meaguring
and/of ensuring the safety of non-standardized primary lithium batteries. In either case, no claim-ar/warranty is|made
that dompliance or non-compliance with this part of IEC 60086 will fulfil or not fulfil any of\the user's parficular
purposes or needs.

2 Normative references

The following documents are referred to in the text in such a way'that some or all of their coptent
congtitutes requirements of this document. For dated references, only the edition cited applies.
For [undated references, the latest edition of the reférenced document (including| any
amehdments) applies.

IEC 60086-1:2021, Primary batteries — Part 1. General

IEC 60086-2, Primary batteries — Part 2: Physical and electrical specifications

IEC 2281, Safety of primary and secondary lithium cells and batteries during transport

3 Terms and definitions

For fhe purposes of this document, the following terms and definitions apply.

ISO gnd IEC maintain\\terminology databases for use in standardization at the following
addresses:

o |EC Electropedia: available at https://www.electropedia.org/

e |80 Online'browsing platform: available at https://www.iso.org/obp

NOTH (Lertain definitions taken from IEC 60050-482, IEC 60086-1, and ISO/IEC Guide 51 are repeated bel¢w for
convgnience.

31

cell

basic functional unit, consisting of an assembly of electrodes, electrolyte, container, terminals
and usually separators, that is a source of electric energy obtained by direct conversion of
chemical energy

[SOURCE: IEC 60050-482:2004, 482-01-01]
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3.2

battery

one or more cells electrically connected and fitted in a case, with terminals, markings and
protective devices etc., as necessary for use

[SOURCE: IEC 60050-482:2004, 482-01-04, modified — "fitted with devices necessary for use,
for example case" replaced by "electrically connected and fitted in a case", addition of "etc., as
necessary for use".]

3.3
component cell
cell ¢ontained in a battery

3.4
lithitym cell
cell pontaining a non-aqueous electrolyte and a negative electrode of lithium“or contajning
lithiym

[SOURCE: IEC 60050-482:2004 482-01-06, modified — removal of Note.]

3.5
coin|cell

coin| battery

lithium button cell
lithiym button battery
small round cell or battery where the overall heightis less than the diameter, contajning
non-pqueous electrolyte.

Note | to entry: The nominal voltage of lithium batteries is typically greater than 2 V. See also the definitjon of
"buttgn cell" in IEC 60086-5

Note P to entry: See 7.3 for proposed use of the alternative terms.

Note B to entry: The terms "lithium button(cell" and "lithium button battery" were provided as alternative terms for
"coin cell" and "coin battery" in order tQ prevent the use of the terms "button cell" and "button battery" which would
be copfusing as they have a different figaning, see part 1 of this standard.

Consg¢quently, the terms "coin celt*”and "coin battery" should be omitted in those languages where they haje no
mean|ngful literal equivalent.

[SOURCE
the-tprmr
Note| replaced ]

: IEC 60

050-482:2004 482-02-40, modified — terms modified,-Nete“tr-practice-tgrms;

3.6
cylindrical cell

cylindrical battery

round cell or battery in which the overall height is equal to or greater than the diameter

[SOURCE: IEC 60050-482:2004, 482-02-39, modified — "cell with a cylindrical shape" replaced
by "round cell or battery".]

3.7

prismatic cell

prismatic battery

cell or battery having the shape of a parallelepiped whose faces are rectangular

[SOURCE: IEC 60050-482:2004, 482-02-38]
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3.8
large cell
cell with a gross mass of more than 500 g

3.9
large battery
battery with a gross mass of more than 12 kg

3.10
nominal voltage

suit%mmmaluah&oﬂhwﬂagmedﬁ.d&@“@i&aﬂaﬁaﬂ&wr an
elecfrochemical system

[SOURCE: IEC 60050-482:2004, 482-03-31]

3.11
open circuit voltage
OCV, Ugc, off-load voltage

voltage across the terminals of a cell or battery when no external current is flowing

[SOURCE: IEC 60050-482:2004, 482-03-32, modified — alternative terms "OCV, Uq, off{load

voltdge" added, "across the terminals" added, "when the dis¢éharge current is zero" replpced
with 'when no external current is flowing".]

3.12
rated capacity
capdcity value of a cell or battery determined under specified conditions and declared by the
manyfacturer

[SOYURCE: IEC 60050-482:2004, 482-03=15, modified — "cell or" added.]

3.13
depth of discharge
DOD
percentage of rated capacity.discharged from a cell or battery

3.14
undischarged
statg of a primary\cell or battery at 0 % depth of discharge

3.15
fullyl discharged
statg of¢a cell or battery at 100 % depth of discharge

3.16
harm
injury or damage to the health of people, or damage to property or the environment

[SOURCE: ISO/IEC Guide 51:2014, 3.1]

3.17
hazard
potential source of harm

[SOURCE: ISO/IEC Guide 51:2014, 3.2]


https://iecnorm.com/api/?name=74497ef0137850458435d5230114f93a

3.18
risk
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combination of the probability of occurrence of harm and the severity of that harm

[SOURCE: ISO/IEC Guide 51:2014, 3.9, modified — removal of Note.]

3.19
safe

ty

freedom from risk which is not tolerable

[SOV

3.20

2025

4.2904 4 2. 441
U THS, 9. 1T5]

intended use

use
such

n accordance with information provided with a product or system, or, inthe absen
information, by generally understood patterns of usage

ce of

[SOUYRCE: ISO/IEC Guide 51:2014, 3.6]

3.21

reasjpnably foreseeable misuse

use of a product, process or system in a way not intended by\the supplier, but which may rgesult
from|readily predictable human behaviour

[SOURCE: ISO/IEC Guide 51:2014, 3.7, modified — rémoval of Notes.]

3.22

protective devices

deviges such as fuses, diodes or other electric or electronic current limiters designed to intefrupt
the qurrent flow, block the current flow infone direction or limit the current flow in an elecftrical
circuit

3.23

leakhge

unplanned escape of electralyte, gas or other material from a cell or battery |1

Note [ to entry: Leakagesinttiis sense should not be confused with the test evaluation criteria for leakage spqcified
in Clguse 6.

3.24

ventling

relegse of exeessive internal pressure from a cell or battery in a manner intended by design [2
Note [l ¥08ehtry: Venting in this sense should not be confused with the test evaluation criteria for venting spqcified
in Clduse—6-

4 Requirements for safety

4.1

Design

Lithium batteries are categorized by their chemical composition (anode, cathode, electrolyte),
internal construction (bobbin, spiral) and are available in cylindrical, coin and prismatic
configurations. It is necessary to consider all relevant safety aspects at the battery design stage,
recognizing the fact that they can differ considerably, depending on the specific lithium system,
power capability and battery configuration.


This change is related to item a) of the list of significant technical changes in the Foreword. 
A definition for a term is different from a method for determining a value for the variable represented by that term. The method for determining whether a cell or battery is leaking or not is described in Subclause 6.2.3.

This change is related to item a) of the list of significant technical changes in the Foreword. 
A definition for a term is different from a method for determining a value for the variable represented by that term. The method for determining whether a cell or battery has vented or not is described in Subclause 6.2.4.
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The following design concepts for safety are common to all lithium batteries:

If,
req

See JAnnex A for guidelines for the achievement of safety of lithium batteries.

4.2

The [manufacturer shall prepare and implement a quality plan defining the procedures fo
inspéction of materials, components, cells and batteries during the gourse of manufactur

be

undgrstand their process capabilities and should institute the ne¢essary process contro
they(relate to product safety.

5

5.1

Lithibm cells or batteries shall be subjected to-the tests, as required in this document. Te
ins valid until a design change or requirement revision has been made. Retesting is
requjred when:

remdg

5.2

Samples should.be drawn from production lots in accordance with accepted statistical meth
The phumber(ofitest samples is given in Table 1. The same test cells and batteries are use
testq A to-E-in sequence. New test cells and batteries are required for each of tests F to M.

Abnormal temperature rise above the critical value defined by the manufacturer sha
prevented by design.

Temperature increases in the battery shall be controlled by a design which limits cu
flow.

Il be

rrent

Lithium cells and batteries shall be designed to relieve excessive internal pressure or to
preclude a violent rupture under conditions of transport, intended use and reasonably

foreseeable misuse.

in_particular cases, this design concept cannot be implemented, the organisat

onal

ujrements described in Annex G shall apply.

Quality plan

applied to the total process of producing a specific type of battery. Manufacturers sk

Type testing and sampling

Validity of testing

d battery specification changes by-more than 0,1 g or 20 % mass, whichever is greate
the cathode, anode or electrolyte}
d battery specification change would lead to a failure of any of the tests;
there is an addition of new tests or requirements; or
there is a requirement.change that would lead to a failure of any of the tests.
Test samples

I the
e, to
ould
s as

s5ting

r, for

ods.
d for
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Table 1 — Number of test samples

Tests Discharge state . Cells ioa Multi-cell batteries
or single cell batteries
Undischarged 10 4
Tests Ato E
Fully discharged 10 4
Undischarged 5 5 component cells
TestFor G
Fully discharged 5 5 component cells
TestH Fully discharged 10 10 component cells
TgstsTio K Undischarged 5 5
Test L Undischarged 20° (see-Note 1} n/a
e Shfonoplet nla
Test-M
75-% predischarged 20{seeNote-3} nla
50 % predischarged CR 10¢ n/a
Fully discharged CR 109 n/a
Test M
50 % predischarged FR 208 n/a
Fully discharged FR 20f n/a
Key
n/a: pot applicable

o
o -

w_ T o -

ingle cell batteries containing one tested component cell do_not require re-testing unless the change coyld

bsult in a failure of any of the tests.

our batteries connected in series with ong @ the four batteries reversed (5 sets).

hall be sampled from the same produetion lot.

e sampled from the same production lot.

hall be sampled from-tije“same production lot.

6

6.1

Testing and requirements

General

6.1.1 Test application matrix

Applicability of test methods to test cells and batteries is shown in Table 2.

wo CR-type batteries connected in series, one of which is 50 % predischarged (5 sets). Undischarged |cells
wo CR-type batteries connectedn series, one of which is fully discharged (5 sets). Undischarged cells |shall
our FR-type batteries connécted in series, one of which is 50 % predischarged (5 sets). Undischarged [cells

Hour FR-type battekies connected in series, one of which is fully discharged (5 sets). Undischarged cells [shall
ble sampled from the same production lot.
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Table 2 — Test application matrix

Applicable tests
Form
A B c D E F G H | J K L M
s X X X X X x @ x @ X X X X x P x ¢
m X X X X X xa&d | xad x d X X X n/a n/a
Test description: Key:
Intended use tests Reasonably foreseeable misuse
tests Form
A: Altitude E: External short-circuit S: cell or single cell battery
B: Thermal cycling F: Impact .
C: \fibration G: Crush m: multi cell battery
D: Shock H: Forced discharge
I Abnormal charging Applicability
J: Free fall
K: Thermal abuse X: applicable
L: Incorrect installation )
M: Overdischarge n/a: not applicable
2 QAnly one test shall be applied, test F or test G.
b Qnly applicable to CR17345, CR15H270, FR14505, FR10G445 and similar type'batteries of a spiral construftion
that could be installed incorrectly and charged.
¢ Only applicable to CR17345, CR15H270, FR14505, FR10G445 and simildrtype batteries of a spiral construfction
that could be overdischarged.
4 Tlest applies to the component cells.
6.1.2 Cautionary notice
WARNING: These tests call for the use«0f'procedures which can result in injury if adeqyate
precautions are not taken.
It has been assumed in the drafting of these tests that their execution is
undertaken by appropriately qualified and experienced technicians uging
adequate protection.
6.1.3 Ambient temperature
Unlejss otherwise\'specified, the tests shall be carried out at an ambient temperatufe of
20 °C £ 5 °C,
6.1.4 Parameter measurement tolerances
The UVUIG“ dbbuldby Uf bUIItIU“Ud Ul IIICGOUIUd va:ucc, IC:dt;VU tU thc apcu;ﬂcd Ul a.,tua|
parameters, shall be within the following tolerances:
a) +1% for voltage;
b) +1 % for current;
c) +2°C for temperature;
d) £0,1% for time;
e) +1% for dimensions;
fl +1% for capacity.
These tolerances comprise the combined accuracy of the measuring instruments, the

measurement techniques used, and all other sources of error in the test procedure.
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6.1.5 Predischarge

Where a test requires predischarge, the test cells or batteries shall be discharged to the
respective depth of discharge on a resistive load with which the rated capacity is obtained or at
a current specified by the manufacturer.

6.1.6 Additional cells

Where additional cells are required to perform a test, they shall be of the same type and,
preferably, from the same production lot as the test cell.

6.2
6.2.1

A sh
orb
requ

6.2.2

An e
temg

6.2.3
Leak

other

hand
limitg

In orf

whet
m

my

Evaluation of test criteria

Short-circuit

bttery immediately after the test is less than 90 % of its voltage prioryto the test.
rement is not applicable to test cells and batteries in fully discharged istates.

Excessive temperature rise

xcessive temperature rise is considered to have occurred during a test if the external
erature of the test cell or battery rises above 170 °C.

Leakage

age is considered to have occurred during a test if'there is visible escape of electroly]

material from the test cell or battery, or the loss of material (except battery ca
ling devices or labels) from the test cell o \battery such that the mass loss exceed
5 in Table 3.

der to quantify mass loss Am / m, thefollowing equation is provided:

- m-m 100 %
nm

Am | m

e
is the mass before a test;

is the mass‘after that test.

Table 3 — Mass loss limits

brt-circuit is considered to have occurred during a test if the open circuit voltage of th¢ cell

This

case

te or
5ing,
5 the

Mass of cell or battery Mass loss limit
v AV ]
m<1g 0,5 %
1gsm<s<75¢g 0,2 %
m>75g 0,1 %

6.2.4 Venting

Venting is considered to have occurred if, during a test, an excessive build up of internal gas
pressure escapes from a cell or battery through a pressure relief feature designed for this

purp

ose. This gas may include entrapped materials.
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6.2.5 Fire

A fire is considered to have occurred if, during a test, flames are emitted from the test cell or
battery.

6.2.6 Rupture

A rupture is considered to have occurred if a cell container or battery case has mechanically
failed, resulting in expulsion of gas or spillage of liquids but not forcible ejection of solid
materials.

6.2.7 Explosion

An explosion is considered to have occurred if a cell container or battery case opens-wiolently
and fsolid components are forcibly ejected. During cell or component cell testing, €jection of
interpal components is acceptable. Energy of ejected components shall be limited: If required,
it mgy be measured as follows:

a) 11 will not penetrate a wire mesh screen (annealed aluminium wite” with a diameter of
0,25 mm and grid density of 6 to 7 wires per cm) placed 25 cm away from the cell; or

b) I{ can be measured by a method demonstrated to be equivalentto the one described in a).
6.3 | Tests and requirements — Overview

This{document provides safety tests for intended use (tests A to D) and reasonably foresegable
misuse (tests E to M). Table 4 contains an overview of-thie tests and requirements for intepded
use and reasonably foreseeable misuse.

Table 4 — Tests and requirements

Test number Designation Requirements
Intended use tests A Altitude NL, NV, NC, NR, NE, NF
B Thermal cycling NL, NV, NC, NR, NE, NF
C Vibration NL, NV, NC, NR, NE, NF
D Shock NL, NV, NC, NR, NE, NF
Reagonably foreseeable misuseé tests E External short-circuit NT, NR, NE, NF
F Impact NT, NE, NF
G Crush NT, NE, NF
H Forced discharge NE, NF
| Abnormal charging NE, NF
J Free fall NV, NE, NF
K Thermal abuse NE, NF
L Incorrect installation NE, NF
M Overdischarge NE, NF
Tests A through E shall be conducted in sequence on the same cell or battery.
Tests F and G are provided as alternatives. Only one of them shall be conducted.
Key
NC: No short-circuit NR: No rupture
NE: No explosion NT: No excessive temperature rise
NF: No fire NV: No venting
NL: No leakage
See 6.2 for a detailed description of the test criteria.
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b)
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6.4.2 Test B: Thermal cycling
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Tests for intended use

1 Test A: Altitude

Purpose
This test simulates air transport under low pressure conditions.
Test procedure

Test cells and batteries shall be stored at a pressure of 11,6 kPa or less for at least 6
ambient temperature.

Requirements

h at

here shall be no leakage, no venting, no short-circuit, no rupture, no explosion and n¢ fire

uring this test.

a) Hurpose
Tlhis test assesses cell and battery seal integrity and that of their.internal elecfrical
connections. The test is conducted using temperature cycling.
b) Test procedure
Tlest cells and batteries shall be stored for at least 6 h at altest temperature of 72 °C,
followed by storage for at least 6 h at a test temperature of'=40 °C. The maximum timje for
transfer to each temperature shall be 30 min. Each test cell and battery shall undergq this
procedure 10 times. This is then followed by storage for at least 24 h at ampient
temperature.
Hor large cells and batteries the duration of exgosure to the test temperatures shall be at
lgast 12 h instead of 6 h.
Higure 1 shows a diagram of one of ten thermal cycles.
Tlhe test shall be conducted using the test cells and batteries previously subjected t¢ the
dltitude test.
H72 °C
[
/ \ /
/ \ 1
/ \ /
/ \ 1
\ /
\ /
\ /
\ )
—-40°C
)‘2 ’1 ,2 r1
—- T o T o ITC
Key
£y < 30 min
t, 2 6 h (12 h for large cells and batteries)
Plotte oo oo snn ol b e Loe
Figure 1 — Thermal cycling procedure
c) Requirements

There shall be no leakage, no venting, no short-circuit, no rupture, no explosion and no fire

during this test.
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6.4.3 Test C: Vibration

a) Purpose
This test simulates vibration during transport. The test condition is based on the range of
vibrations as given by ICAO [2].
b) Test procedure
Test cells and batteries shall be firmly secured to the platform of the vibration machine
without distorting them and in such a manner as to faithfully transmit the vibration. Test cells
and batteries shall be subjected to sinusoidal vibration according to Table 5 which shows a
different upper acceleration amplitude for large batteries. This cycle shall be repeated
12-timesfora-total of 3-h for each-of three mutua perpendictlarmountingpositions,One
df the directions shall be perpendicular to the terminal face.
Tlhe test shall be conducted using the test cells and batteries previously subjected t¢ the
thermal cycling test.
Table 5 — Vibration profile (sinusoidal)
Frequency range Amplitudes Duration of logarithmic Axis Number
sweep cycle of cycles
From To (7 Hz — 200 Hz - 7 Hz)
f, =7 Hz fo a;=1g, X 1P
£y fs s =0,8mm Y 1P
16 _min
fs f4 =200 Hz a, z 1
and back to f; = 7 Hz Total 36
Key
N lower and upper frequency
Jor 3 cross-over frequencies;
Jo = 17,62 Hz; and
J3 = 49,84 Hz, except for large battevies, where f; = 24,92 Hz
ay, ap acceleration amplitude; a,. 8¢, except for large batteries, where a, =2 g
s displacement amplitude
NOTE 1 Vibration amplitude\is the maximum absolute value of displacement or acceleration. For examp|e, a
displacement amplitude af 0,8 mm corresponds to a peak-to-peak displacement of 1,6 mm.
NOTE 2 g, =9,806%5m/s?
c) Requirements
Tlhete shall be no leakage, no venting, no short-circuit, no rupture, no explosion and n¢ fire

uring tnis test.

6.4.4 Test D: Shock

a)

b)

Purpose
This test simulates rough handling during transport.
Test procedure

Test cells and batteries shall be secured to the testing machine by means of a rigid mount
which will support all mounting surfaces of each test cell or battery. Each test cell or battery
shall be subjected to 3 shocks in each direction of three mutually perpendicular mounting
positions of the cell or battery for a total of 18 shocks. For each shock, the parameters given
in Table 6 shall be applied.
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Table 6 — Shock parameters

Waveform Peak acceleration | Pulse duration

Number of shocks
per half axis

Cells or batteries except large ones Half sine 150 g, 6 ms 3

Large cells or batteries Half sine 50 g, 11 ms 3

NOTE g, =9,806 65 m/s?

method of test T-4 in IEC 62281 may be used. ’ ’

6.5
6.5.1

The
How
not 3

6.5.2

— T onw 4 4 - T

1
V

c) Requirements
T
d

ibration test.
here shall be no leakage, no venting, no short-circuit, no rupture, no explosion and n
uring this test.
Tests for reasonably foreseeable misuse
General

test methods described hereafter were developed for-batteries specified in IEC 600
bver, they shall also be applied to batteries which&@re not specified therein. For batt

EFC 62281 may be used.
he test sample.shall be observed for a further 6 h.

equirements

hete-shall be no excessive temperature rise, no rupture, no explosion and no fire d

test

he test shall be conducted using the test cells and batteries previously subjected to the

b fire

B6-2.
Bries
G.

then
Q at

pecified in IEC 60086-2, additional requirements{apply which are described in Annex
Test E: External short-circuit

urpose

his test simulates conditions resulting,in an external short-circuit.

est procedure

he test cell or battery shall be«stabilized at an external case temperature of 55 °C and

ubjected to a short-circuit condition with a total external resistance of less than 0,1

5 °C. This short-circuit_cendition is continued for at least 1 h after the cell or battery

xternal case temperature’ has returned to 55 °C.

or lithium primary <batteries with a mass in excess of 12 kg, the test method of test T

-5 in

he test shalt'be conducted using the test samples previously subjected to the shock fest.

iring

o
N
[ R, e e

pis.test and within the 6 h of observation.

6.5.3 Test F: Impact
a) Purpose

This test simulates mechanical abuse from an impact that can result in an internal short

[

ircuit.
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b)

c)

6.5.4—TestG—Crush

a)

b)

2

Test procedure
The impact test is applicable to cylindrical cells not less than 18 mm in diameter.

The test cell or component cell is placed on a flat smooth surface. A stainless steel bar
(type 316 or equivalent) with a diameter of 15,8 mm + 0,1 mm and a length of at least 60 mm
or of the longest dimension of the cell, whichever is greater, is placed across the centre of
the test sample. A mass of 9,1 kg + 0,1 kg is dropped from a height of 61 cm £ 2,5 cm at
the intersection of the bar and the test sample in a controlled manner using a near
frictionless, vertical sliding track or channel with minimal drag on the falling mass. The
vertical track or channel used to guide the falling mass shall be oriented 90 degrees from
the horizontal supporting surface.

he test sample is to be impacted with its longitudinal axis parallel to the flat surface and
erpendicular to the longitudinal axis of the stainless steel bar lying across the centredf the
bst sample (see Figure 2).

—

IEC

Z

OTE The figure shows a flat smooth surface¥(1) and a stainless steel bar (2) which is placed across the ¢entre
f the test sample (3). A mass (4) is dropped’at the intersection in a controlled manner using a vertical dliding
hannel (5).

[ele]

Figure 2 — Example of a test set-up for the impact test

ach test cell or component cell shall be subjected to one impact only.
he test sample shallbe observed for a further 6 h.

B

1

Tlhe test shall becconducted using test cells or component cells that have not been previgusly
slubjected to other tests.
R
1
W

equirements

here shall be no excessive temperature rise, no explosion and no fire during this tes{ and
ithin_the 6 h of observation.

Purpose
This test simulates mechanical abuse from a crush that can result in an internal short circuit.
Test procedure

The crush test is applicable to prismatic, flexible2, coin cells and cylindrical cells less than
18 mm in diameter.

A cell or component cell is to be crushed between two flat surfaces. The crushing is to be
gradual with a speed of approximately 1,5 cm/s at the first point of contact. The crushing is
to be continued until one of the three conditions below is reached:

The term “flexible cell” is used in this document in place of the term “pouch cell” which is used in [21]. It is also
used in place of the terms “cell with a laminate film case” and “laminate film cell”.
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) The applied force reaches 13 kN £ 0,78 kN;

EXAMPLE: The force can be applied by a hydraulic ram with a 32 mm diameter piston until a pressure of

17 MPa is reached on the hydraulic ram.
) The voltage of the cell drops by at least 100 mV; or
) The cell is deformed by 50 % or more of its original thickness.

As soon as one of the above conditions has been obtained, the pressure shall be

released.

A prismatic or flexible cell shall be crushed by applying the force to the side with the
largest surface area. A coin cell shall be crushed by applying the force on its flat

= \

NOTH
crush

surfaces. For cylindrical cells, the crush force shall be applied perpendicular \id
longitudinal axis. See Figure 3.

IEC IE(Q

Prismatic or flexible cell b) Coin cell c) Cylindrical cell

The figures show two flat surfaces (1 and 2) with batteries (3) of different shapes placed between thq
ng, using a piston (4).

Figure 3 — Examples of.a test set-up for the crush test

Each test cell or component celldsto be subjected to one crush only.
The test sample shall be observed for a further 6 h.

The test shall be conducted using test cells or component cells that have not previq
been subjected to othertests.

equirements
here shall be no,excessive temperature rise, no explosion and no fire during this tesf
ithin the 6 h of-opservation.

Test H:"Forced discharge
urpose

his test evaluates the ability of a cell to withstand a forced discharge condition.

esiprocedure

the

m for

usly

and

Each cell shall be force discharged at ambient temperature by connecting it in series with a
12 V direct current power supply at an initial current equal to the maximum continuous

d

ischarge current specified by the manufacturer.

The specified discharge current is obtained by connecting a resistive load of appropriate
size and rating in series with the test cell and the direct current power supply. Each cell
shall be force discharged for a time interval equal to its rated capacity divided by the initial
test current.

This test shall be conducted with fully discharged test cells or component cells that have
not previously been subjected to other tests.

c) Requirements

There shall be no explosion and no fire during this test and within 7 days after the test.
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6.5.6 Test I: Abnormal charging

a)

c)

6.5.7 Test J: Free fall

Purpose

This test simulates the condition when a battery is fitted within a device and is exposed to
a reverse (charging) current from an external power supply, for example memory back-up

equipment with a defective diode (see 7.1.2). The test condition is based upon UL 1
[19].

642

NOTE This test does not take into account the case where a battery is misused by inserting it into a battery

charger (inadvertent confusion with a rechargeable battery).

Test procedure

ach test batfery shall be subjected to a charging current of three times the abnd
harging current I, specified by the battery manufacturer by connecting it in opposition

C power supply. Unless the power supply allows for setting the current, the ,sped

rmal
to a

ified

harging current shall be obtained by connecting a resistor of the appropriate size and rating

im series with the battery.
Tlhe test duration shall be calculated using the formula:

tq=2,5%xC, 1 (3 %x1;)
where

is the test duration. In order to expedite the test, it is’permitted to adjust the
parameters such that 7y does not exceed 7 days;

~

n is the nominal capacity declared by the manufaéturer;,

is the abnormal charging current declared by«the manufacturer for this test.

equirements

—|'J'I\:N('\

here shall be no explosion and no fire during this test.

-

urpose

his test simulates the situation"when a battery is accidentally dropped. The test cong
$ based upon IEC 60068-231 [7].

Tlest procedure
Tlhe test batteries shall be dropped from a height of 1 m onto a concrete surface. Each

el |

round battery twice in each of the three axes shown in Figure 4a). The test batteries
be stored forsdvh afterwards.

NOTE Theterm "prismatic" is used assuming that the battery shape can be fitted to a rectangular parallelg
5 showRint Figure 4b).

Tlhetest shall be conducted with undischarged test cells and batteries.

Q

test

ition

test

hattery shall be.dropped six times, a prismatic battery once from each of its six faces, a

shall

piped
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\Z

X Y
IEC IEC
a) Round cell or battery b) Prismatic cell or battery

Figure 4 — Axes-for free fall

Requirements

Tlhere shall be no venting, no explosion and no fire during this test and within the 1
dgbservation.

h of

a) Hurpose
Tlhis test simulates the./condition when a battery is exposed to an extremely |high
temperature.

b) Tlest procedure
A test battery shall be placed in an oven and the temperature raised at a rate of 5 °C/nin to
d temperature-of 130 °C at which the battery shall remain for 10 min.

c) Requirements
Tlhere_shall be no explosion and no fire during this test.

6-5-- Teai L- illbUllUbi illbtd“dtiull

a) Purpose
This test simulates the condition when one single cell battery in a set is reversed.
NOTE Primary batteries are not designed to be charged. However, reversed installation of a battery in a series
of three or more, as well as insertion into a battery charger, exposes the battery to a charging condition. Although
cylindrical batteries are designed to relieve excessive internal pressure, in some instances an explosion might
not be precluded.

b) Test procedure

A test battery is connected in series with three undischarged additional single cell batteries
of the same brand and type in such a way that the terminals of the test battery are connected

in reverse. The resistance of the interconnecting circuit shall be no greater than 0,1 Q.

The

circuit shall be completed for 24 h or until the battery case temperature has returned to

ambient (see Figure 5).
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6.5.10 Test M: Overdischarge |3

+|I‘ ‘I|+ ‘I|+ ‘I|+
LI
IEC
Test cell
--H, Additional cells, undischarged
Figure 5 — Circuit diagram for incorrect installation
Requirements

Tlhere shall be no explosion and no fire during this test.

Rurpose

Tlhis test simulates the condition when one discharged singlé cell battery is connect
aeries with other undischarged single cell batteries. The\test further simulates the u

atteries in motor powered appliances or high intensity lighting applications wher
eneral, currents-ever up to 1 A are required.

OTE CR17345, CR15H270, FR14505 and FR10G445 batteries are widely used in motor powered appli
I high intensity lighting applications where currents-overdp to 1 A are required. The current for non standa
ptteries might be different.

est procedure

pd in
be of
B, in

hnces
dized

ach test battery shall be predischarged to 50 % depth of discharge.—tshall-thep—be

AViaYal

nnected-in-series with-three undiséharaed - additional sinale cell hattaries of the same
ARecteah-SserHesSWhnmfree-unRaiSenargecaaationRarSihge-cenroaneHes o me-sSame

CR-type battery shall then be connected in series with one undischarged additional s

O O m — T o =Z

undischarged additional singte-cell batteries of the same type.

A resistive load-R4 R is(connected in series with the assembly of »n batteries in Figu
where-R, R and n are.taken from Table 7.

dmbient.
Tlhe test shall\be repeated with-75-% predischarged fully discharged test batteries.

A
ngle

ell battery of the same type.¥AA FR-type battery shall be connected in series with fhree

re 6

Tlhe test shall becontinued for 24 h or until the battery case temperature has returng¢d to



These changes are related to item b) of the list of significant technical changes in the Foreword. 
They are a consequence of adjusting the test method to the application of lithium primary batteries observed in the market.
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Table 7 — Resistive load for overdischarge

B Resistive load &,

Bat{ery type | Total number of single cell batteries in the assembly | End-point voltage | Resistive Joad
n \% R
Q
CIR17345
2 1,8
CR15H270
3,60
FR14505
4 0,9
FRI10G445

NOTE Table to be modified or expapded when additional batteries of a spiral construction are standardized

EXAMPLE The resistive load R fet/CR17345 and CR15H270 batteries was determined from the end-point vo|tage
of egch cell under the high intensity lighting test and the total number of cells in the test assembly in Figure 6 §ising

the fprmula

R=2x18V/1A
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-]+ + =+ =]+
1 =l o
| o
B B, .. B
T 4
| —
L
Ry
IEC
-1+ -1+ -1+ -1+
| | | |
B B,..B,
| —
L T
R IEC
Key
B, Test battery, 50 % predischarged and, in separate tests, 756-%prediscltarged fully discharged
B,... #,B, Additional batteries, undischarged. The number of additional batferies is n-1
R,R Resistive load
Figure 6 — Circuit diagram foryoverdischarge
c) Requirements
Tlhere shall be no explosion and no fire during this test.
6.6 | Information to be given in the relevant specification
Whep this document is referred to in-a‘relevant specification, the parameters given in Taple 8
shall be given in so far as they are @pplicable:
TFable 8 — Parameters to be specified
Item Parameters Subclaupe
a) Predischarge curtent’or resistive load and end-point voltage specified by the 6.1.5
manufacturer
b) Method to.fmeasure the energy of an explosion, if any. 6.2.7
c) Shape( prismatic, flexible, coin or cylindrical; 6.5.3 and
Diameter: less than 18 mm or not less than 18 mm. 6.5.4
d) Maximum continuous discharge current specified by the manufacturer for test H 6.5.5
I“IICTE 1 rUl\sz d;bbhdluc Uf [=] L;C“ oarr ucuour VVhUII ;t ;D \,UIIIICthd ;II DCI;UD Vvith Uthcl
cells and when it is not protected with a bypass diode.
e) Rated capacity specified by the manufacturer for test H 6.5.5
f) Abnormal charging current declared by the manufacturer for test | 6.5.6
NOTE 2 Abnormal charging of a cell can occur when it is connected in series with other
cells and one cell is reversed or when it is connected in parallel with a power supply and
the protective devices do not operate correctly.
g) Nominal capacity specified by the manufacturer 6.5.6
h) Normal reverse current declared by the manufacturer which can be applied to the 7.1.2

battery during its operating life

NOTE 3 Normal reverse current flow through a cell can occur when it is connected in
parallel with a power supply and the protective devices are operating properly.
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Evaluation and report

When a report is issued, the following list of items should be considered:

a)
b)
c)
d)
e)
f)

71

name and address of the test facility;

name and address of applicant (where appropriate);

a unique test report identification;

the date of the test report;

design characteristics of the test cells or batteries according to 4.1;

t P | H ol | FY + | A H +lo % A H 4+ Lo
ol UTOUTNTYLIUTTO dTTU TTOUTLS, TMIUIUUTITy 1T pPJardiliciTlio aLLUTUITTy (U U.U,

type of the test sample(s): cell, component cell, battery or battery assembly;

<

eight of the test sample(s);
[{thium content of the sample(s);

d signature with name and status of the signatory.

not necessary to issue a new report unless new type testing is required, see 5.1.

nformation for safety

Safety precautions during design of equipment

7.1.1 General

See plso Annex B for guidelines for designers of equipment using lithium batteries.

7.1.2 Charge protection

Whep incorporating a primary lithium battery into a circuit powered by an independent
power source, protective devices shallbe used in order to prevent charging the primary b3
from|the main power source, for example:

a)
b)
c)

d blocking diode and a current limiting resistor (see Figure 7a);
tivo series blocking diodes (see Figure 7b);

dircuits with a similar blocking function based on two or more independent prote
devices;

prov|ded that the first protective device is capable of limiting the charging current throug

m battery<to-the normal reverse current specified by the manufacturer which can be ap

to the battery_during its operating life, while the second protective device is capable of lin

the

main
ttery

ctive

n the
blied
iting
turer
at at

rcuit
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7.1.3 Parallel connection

Pardlllel connection should be avoided when designing battery compartments. Howev

requ

7.2

Whe
How

a) Keep batteries out of the reach of children

In particular, keep batteries which are considered swallowable out of the reach of chiIJiren,
cularly those batteries fitting within the*imits of the ingestion gauge as defined in Figure 8.
In cgse of ingestion of a cell or battery, segk medical assistance promptly. Swallowing coin

parti

orb

Warning text similar to Figure)9 may be used for safety information about battery handling

caut
Clau

60086-4:2025 CMV © |IEC 2025 - 29—
=4 RAM = RAM
iy
iy
* _L*
T IEC IEC
aJ] Diode and resistor B) Two diodes

Figure 7 — Examples of wiring for charge protection

red, the battery manufacturer shall be contacted for advice.

Precautions during handling of batteries

onary advice and symbols to be printed on batteries and battery packaging ref
se 9.

h used correctly, lithium batteries provide a safe and dependable source of pqwer.
bver, if they are misused or abused, leakage, venting,or; in extreme cases, explosion apd/or
fire ¢an result.

cells

htteries can cause chemical burns™perforation of soft tissue, and, in severe cases,| can
cause death. They need to be remaoved immediately if swallowed. See Figure 9 for an exa
of agpropriate warning text.

mple

For
br to

NOTH 1 Referto-E-in-AnnexEformore-details-Child-resistant packaging according to Annex E is intended to

help Heep coin celts aut of the reach of children before use.

NOTH 2 Reférto [13] for general information on hazards from batteries.
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Dimensions in millimetres

+0,1

571 0

[SOU

Whe
over

d) 0

Whe
othe

IEC

RCE: 1SO 8124-1 [18]]

Figure 8 — Ingestion gauge

/\ WARNING

KEEP OUT OF REACH OF CHILDREN
Swallowing can lead to chemical burns,
perforation of soft tissue, and death.
Severe burns can occur within 2 hours of
ingestion. Seek medical attention
immediately.

IEC

This product safety label is compliant with {16].

o not allow children to replace batteries without adult supervision

Iways insert batteries gorrectly with regard to polarity (+ and —) marked on the battery
he equipment

h batteries are inSerted in reverse they might be short-circuited or charged. This can ¢
heating, leakage) venting, rupture, explosion, fire and personal injury.

o not shoft-circuit batteries

h the.positive (+) and negative (-) terminals of a battery are in electrical contact with
[, the-battery becomes short-circuited. For example loose batteries in a pocket with

or cg

igure 9 — Example for warning -against swallowing, particularly coin cell batteries

and

Ause

cach
keys

insy'can be short-circuited. This can result in venting, leakage, explosion, fire and pers

onal

injury.

e) Do not charge batteries

Attempting to charge a non-rechargeable (primary) battery can cause internal gas and/or heat
generation resulting in leakage, venting, explosion, fire and personal injury.

f) Do not force discharge batteries

When batteries are force discharged by means of an external power source, the voltage of the
battery will be forced below its design capability and gases will be generated inside the battery.

This

can result in leakage, venting, explosion, fire and personal injury.
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g) Do not mix new and used batteries or batteries of different types or brands

When replacing batteries, replace all of them at the same time with new batteries of the same
brand and type. When batteries of different brand or type are used together or new and used
batteries are used together, some batteries might be over-discharged / force discharged due to
a difference of voltage or capacity. This can result in leakage, venting, explosion or fire, and
can cause personal injury.

h) Exhausted batteries should be immediately removed from equipment and properly disposed
of

can

occur causing damage to the equipment and/or personal injury.

i) Do not heat batteries

Wheh a battery is exposed to heat, leakage, venting, explosion or fire can eccur and chuse
perspnal injury.

j) Do not weld or solder directly to batteries

The heat from welding or soldering directly to a battery can cause_leakage, venting, explgsion
or fine, and can cause personal injury.

k) Do not dismantle batteries

Wheh a battery is dismantled or taken apart, contact with the components can be harmfu| and
can gcause personal injury or fire.

/) Do not deform batteries

BattIries should not be crushed, punctured,©r otherwise mutilated. Such abuse can chuse
leakage, venting, explosion or fire, and can“cause personal injury.

m) Do not dispose of batteries in fire

Wheh batteries are disposed of in‘fire, the heat build-up can cause explosion and/or firg and
perspnal injury. Do not incinerate batteries except for approved disposal in a contrplled
incinlerator.

n) A lithium battery with\a damaged container should not be exposed to water

Lithium metal in cantact with water can produce hydrogen gas, fire, explosion and/or cpuse
perspnal injury.

o) Do not encapsulate and/or modify batteries

Encgpsulation or any other modification to a battery can result in blockage of the pressure felief
mechanism(s) and subsequent explosion and personal injury. Advice from the bdttery
manufacturer should be sought if it is considered necessary to make any modification.

p) Store unused batteries in their original packaging away from metal objects. If already
unpacked, do not mix or jumble batteries

Unpacked batteries could get jumbled or get mixed with metal objects such as keys, coins, etc.
This can cause battery short-circuiting which can result in leakage, venting, explosion or fire,
and personal injury. One of the best ways to prevent this from happening is to store unused
batteries in their original packaging.

q) Remove batteries from equipment if it is not to be used for an extended period of time unless
it is for emergency purposes

It is advantageous to remove batteries immediately from equipment which has ceased to
function satisfactorily, or when a long period of disuse is anticipated (e.g. camcorders, digital
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cameras, photoflash, etc.). Although most lithium batteries on the market today are highly leak
resistant, a battery that has been partially or completely exhausted might be more prone to leak
than one that is unused.

7.3 Additional information for safety of coin cells [4

Additional information for safety of coin cells is provided by consumer safety organisations as
well as battery manufacturers’ associations. When searching for such information, it should be
noted that the term "coin cell" is not used in most languages other than English, and the
distinction between a cell and a battery is often not made in the literature. Therefore, the term
"lithium button cell" has been proposed as an alternative to the term "coin cell" and the terms
"coiff battery™ and "Tithium button battery” have been proposed as alternatlves to the terms [coin
cell"land "lithium button cell". The terms "coin cell" and "coin battery” are only used intEnglish.
In lapguages other than English, the term "lithium button cell" is used instead of the-term {coin
cell"land the term "lithium button battery" is used instead of the term “coin battery”.

7.4 | Packaging

The packaging shall be adequate to avoid mechanical damage during_ transport, handling and
stacking. The materials and packaging design shall be chosen so as toprevent the development
of upintentional electrical contact, short-circuit, shifting and corrosion of the terminals,| and
afford some protection from the environment.

7.5 | Handling of battery cartons

Battery cartons should be handled with care. Rough-handling might result in batteries heing
shorf-circuited or damaged. This can cause leakage,)explosion, or fire.

7.6 | Transport
7.6.1 General

Reguilations concerning international\\transport of lithium batteries are based on thg UN
Recommendations on the Transportof Dangerous Goods [20].

Reguilations for transport are subject to change. For the transport of lithium batteries, the latest
editipns of the following regulations should be consulted.

Test|ng requirementsare defined in the UN Manual of Tests and Criteria [21]. As regulalions
are gubject to change, the latest editions should be consulted.

For feferences.transportation tests are also given in IEC 62281.

7.6.2 Air transport

Regutations——ctoncerning air_transport_of_tithium batteries are specified—im the Technical
Instructions for the Safe Transport of Dangerous Goods by Air published by the International
Civil Aviation Organization (ICAO) [2] and in the Dangerous Goods Regulations published by
the International Air Transport Association (IATA) [1].

7.6.3 Sea transport

Regulations concerning sea transport of lithium batteries are specified in the International
Maritime Dangerous Goods (IMDG) Code published by the International Maritime Organization
(IMO) [12].


The addition of this subclause acknowledges the fact that measures against inadvertent ingestion of coin cells become more important as the market penetration of this product type increases. It is also an attempt to increase the awareness of the different ingestion risks related coin and button cells because of their different sizes and voltage levels.
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7.6.4 Land transport

Regulations concerning road and railroad transport are specified on a national or multilateral
basis. While an increasing number of regulators adopt the UN Model Regulations [20], it is
recommended that country-specific transport regulations be consulted before shipping.

7.7 Display and storage
a) Store batteries in well ventilated, dry and cool conditions

High temperature or high humidity can cause deterioration of the battery performance and/or
surface corrosion.

b) Qo not stack battery cartons on top of each other exceeding a specified height

If tog many battery cartons are stacked, batteries in the lowest cartons might be deformed and
elecfrolyte leakage can occur.

c) Avoid storing or displaying batteries in direct sun or in places where they get expose¢d to
rain

Wheh batteries get wet, their insulation resistance might be impaired’ and self-dischargel and
corrgsion can occur. Heat can cause deterioration.

d) Store and display batteries in their original-packing packaging

Whep batteries are unpacked and mixed they can be short-Circuited or damaged.
See [Annex C for additional details.

7.8 | Disposal

Batteries may be disposed of via communal refuse arrangements provided no local rules tp the
contfary exist.

During transport, storage and_handling for disposal, the following precautions shoulfd be
considered:

a) Do not dismantle batteries

Somg ingredients of lithium batteries might be flammable or harmful. They can cause injyries,
fire, rupture or explosion.

b) Qo not dispese of batteries in fire except under conditions of approved and contrplled
hcineration

~.

Lithiumrburns violently. Lithium batteries can explode in a fire. Combustion products from lithium
battgries’ can be toxic and corrosive.

c) Store collected batteries in a clean and dry environment out of direct sunlight and away from
extreme heat

Dirt and wetness might cause short-circuits and heat. Heat might cause leakage of flammable
gas. This can result in fire, rupture or explosion.

d) Store collected batteries in a well-ventilated area

Used batteries might contain a residual charge. If they are short-circuited, abnormally charged
or force discharged, leakage of flammable gas might be caused. This can result in fire, rupture
or explosion.
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e) Do not mix collected batteries with other materials

Used batteries might contain residual charge. If they are short-circuited, abnormally charged or
force discharged, the generated heat can ignite flammable wastes such as oily rags, paper or
wood and cause a fire.

f) Protect battery terminals

Protection of terminals should be considered by providing insulation, particularly for those
batteries with a high voltage. Unprotected terminals might cause short-circuits, abnormal
charging and forced discharge. This can result in leakage, fire, rupture or explosion.

8 Instructions for use

a) Always select the correct size and type of battery most suitable for the intended |use.
Information provided with the equipment to assist correct battery selection shoulfd be
retained for reference.

b) Replace all batteries of a set at the same time.

c) Clean the battery contacts and also those of the equipment prior totbattery installation

d) Bnsure that the batteries are installed correctly with regard to pelarity (+ and —).

e) Remove exhausted batteries promptly.

9 Marking and packaging

9.1 General

Withtthe-exception-of swallowable batteries {see€-9-2),each-battery-In general, batteries ghall

be njarked with the following information:

a) designation, IEC or common;

xpiration of a recommended usage'period or year and month or week of manufacture The
ear and month or week of manufacture may be in code;

ominal voltage;

€
Y

c) polarity of the positive (+) terminal;
n
name or trademark«f'the manufacturer or supplier;
G

autionary advice,

S “ ”

9.2 | Marking of batteries too small to accommodate all markings

Somg\batteries have a surface too small to accommodate all markings shown in 9.1. For these
batteries The designation 9.1 a) and the polarity 9.7 c) shall be marked on the batiery, while all
other markings shown in 9.1 may be given on the immediate packaging instead of on the battery.

See Table 9 for a summary of the marking requirements.

9.3 Additional requirements for swallowable coin cells and batteries

For swallowable com ceIIs and batteries, i.e. those that fit entirely within the mgestlon gauge
(Flgure 8), ) 9 VERYY

ba%teﬂes that are mtended for d|rect sale in consumer replaceable appllcahons caut|on for
ingestion shall also be marked on the immediate-package packaging:

a) caution for ingestion of swallowable batteries, see also 7.2 a) and Annex F.


https://iecnorm.com/api/?name=74497ef0137850458435d5230114f93a

IEC 60086-4:2025 CMV © IEC 2025 - 35—

Swallowable coin cells and batteries that are intended for direct sale in consumer replaceable
applications and have a diameter of 16 mm or more shall be packaged in:

b) child resistant packaging.

List-item

a)y—IDesignation, tEC-orcommon B B B B
period-oryearand-month-orweek-of
nanufacture. The year and month or 8
Wweek-of manufacture may be incode

c)—tPolarity of the positive (+)-terminal B B B B

d) INominal voltage B

e)ﬁmmeueptpad&mapleoﬁh&mam#aemre# B
e

B e B

§)—{fautionforingestion-of swallowable ph Pt ghl ph
[ . . : nla pia R R

B_The transition period for this requirement is 2 vaars framMhe nublication-date of the fifth editionof thislpoart of
he-transition-period-for this-requirement-is-2-yearsfi publication-date-of the fifth dition-of-this{part-of
|IEC-60086-

Keyf

a:

B:

P

R |

Ae

empfty:

Refer to Table 1Q_for a summary of the additional marking and packaging requirementg for
swallowable coifneells and batteries.
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Table 9 — Marking requirements

List item General | Batteries too small
to accommodate
all markings

a) Designation, IEC or common A A
b) Expiration of a recommended usage period or year and month or week of

. A B
manufacture. The year and month or week of manufacture may be in code

c) Polarity of the positive (+) terminal A A

d) Nominal voltage A B

e) Name or trademark of the manufacturer or supplier A B

f) CQautionary advice A B

Key
A: Shall be marked on the battery
B: May be marked on the immediate packaging instead of on the battery

Table 10 — Additional marking and packaging requirements
for swallowable coin cells and batteries

replaceable applications fs€€"9.3).

NOTE 2 The table does’ not include cylindrical cells and batteries because —
— the¢y would pass4he*oesophagus without causing harm.

List item Swallewable coin cells and batteries
d <16 mm 16 mm < d <20 mm d 220 mm

a) S,(:1;t&|]cl>sn()f<;.r2|nag)easr:l(;)nArc:l;;v(v;alllowable batteries, P AlB and P A and P
b) C€hild resistant packaging NR R R
Key
d: Diameter
A: Shall be marked on the battery
P: Shall be marked on the immediate)packaging
R: Required
NR: Not required

NOTE 1 The requirements \in this table apply only when batteries are intended for direct sale in consymer

although they may be swallowjable

9.4 | Safety pictograms

Safefy pictograms that could be considered Tor US€e as an aliernative 1o writien cautionary advice

are provided in Annex D.


This change is related to item c) of the list of significant technical changes in the Foreword.
It constitutes the main change made in Clause 9 Marking: Extension of the requirement to have the KEEP OUT OF REACH OF CHILDREN safety sign on coin cells and batteries to those with a diameter between 16 mm and 20 mm. The other changes in Clause 9 are mainly due to an attempt to make the wording clearer and to harmonize it with IEC 60086-5.
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Annex A
(informative)

Guidelines for the achievement of safety of lithium batteries

The guidelines given in—Fable-A-+ Figure A.1 were followed during the development of high
power batteries for consumer use. They are given here for information.

EXAMPLE
the-battery by incorporating-a-current temperature-increase-in-the-lithivin
A battery—The designershdulé makle
Hmitation O
controlled-by design—One-method-that
has been used successfully is thg
. ;
SOFpO a_ts ; alelsettabel C
Lodoe e soond e oot dp e
Provide-intrinsic-current limitation tn-thedesign-of-the-battery;the
e s i
¢ .. S it : orly
temperature rises above its desigp
itoria. O
used-successfully-isto-incorporatpa
F
separato sys_te . _Fsseea ty-to
with-excess-temperature-
Prevent-explosion-of-the-bajtery-by-a Lithium-batteries—are-tightly sealeg-te
pressure—This-should occcurata
temperature range consistent with the
Pilot GConfirm-that-actual-batteriescan-be Establish-necessary precautiops
d ) ) f
d . ; . ¢ iohs
Smenon Lot
| onfi - -
quality
Reoi : - -
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Prevent abnormal temperature rise of
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EXAMPLE

High current drain can result in a rapid

Design the battery by incorporating a current temperature increase in the lithium battery.
limitation The designer should make sure that the
current drain is controlled by design. One
method that has been used successfully is the
incorporation of a resettable PTC which
activates rapidly when the battery is exposed
to a current drain exceeding its design criteria.
Provide intrinsic current limitation Ibnh,t\hfﬂdis,,l,gn ?,f,,t_h?hti?tffry;m? S:a:l’?nebr
limited if the battery temperature rises.aboje
its design criteria. One method that.has, bgen
used successfully is to incorporaté a‘sepafator
system whose ability to pass currert is
significantly reduced with exCess temperafure.
Prevent explosion of the battery by a Lithium batteries aretightly sealed to prevent
means to release internal pressure e.g. leakage. Therefore;the design of the battgry
when temperature rises excessively should provide.a method to release excessgive
internal pressure. This should occur at a
temperature range consistent with the
battery's“design criteria.
Pilot Confirm that actual batteries can be E . .
- : ) . stablish necessary precautions
froduction produced according to design quality
Mass Mass production of batteries Request equipment manufacturers tg
production according to design quality carefully observe the precautions
Reject defects in the-production Make this information available to
process end users

nspection

Confirm that.batteries meet design
quality

Reject defects by the inspection

Figure A.1 — Battery design guidelines

IEC
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Annex B
(informative)

Guidelines for designers of equipment using lithium batteries

Table B.1 represents a typical, but non-exhaustive, list of good advice to be provided by the
manufacturer of primary lithium cells and batteries to equipment manufacturers and battery
assemblers (see also IEC 60086-5:20462021, Annex B ([8]), for guidelines for the design of
battery compartments).

Table B.1 — Equipment design guidelines

Item

Sub-item

Recommendations

Possible consequénces if the
recommendations are nqt
obseéenved

(1) When a lithium
battdry is used as
main| power source

(1.1) Selection of a
suitable battery

Select most suitable battery for
the equipment, taking note of its
electrical characteristics

Battery might overheat

(1.2) Number of
batteries (series
connection or
parallel®
connection) to be
used and method of
use

a) Multicell batteries (2CR5,
CR-P2, 2CR13252 and others);
one piece only

b) Cylindrical batteries (CR17345
and others);-tess no more:than
three two pieces

c) Coin type batteriesA(CR2016,
CR2025, CR11108%nd others);
less no more thah:three two
pieces

d) When more than one battery is
used, diffefent types should not
be usedrin the same battery
compartment

If the capacity of batteries in
series connection is different,
battery with the lower capacit
will be overdischarged. This dan
result in electrolyte leakage,
overheating, rupture, explosign or
fire

—

he

e)When batteries are used in

parallel® protection against
charging should be provided

If the voltages of batteries in
parallel connection are differgnt,
the battery with the lower voltage
will become charged. This ca
result in electrolyte leakage, ¢ver-
heating, rupture, explosion orffire

(1.3) Besign of
battery circuit

a) Battery circuit should be
isolated from any other power
source

Battery might be charged. This
can result in electrolyte leakape,

overheating, rupture, explosiqn or
fire

b) Protective devices such as
fuses should be incorporated in
the circuit

Short-circuiting a battery can
result in electrolyte leakage, ¢ver-
heating, rupture, explosion orffire

(2) Whet, aithium
battgrynis/used as

(2.1) Design of
battery circuit

The battery should be used in a
separate circuit so that it is not

Battery might be over-discharjged
to reverse polarity or charged

back-Up power
source

force discharged or charged by
the main power source

THiS can resutt i electrolyte
leakage, overheating, rupture,
explosion or fire

(2.2) Design of
battery circuit for
memory back-up
application

When a battery is connected to
the circuit of a main power source
with the possibility of being
charged, a protective circuit is
necessary with a combination of
diode and resistor. The
accumulated amount of the
leakage current of the diode
should be below 2 % of the
battery capacity during expected
life time

Battery might be charged. This
can result in electrolyte leakage,
overheating, rupture, explosion or
fire
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Item Sub-item

Recommendations

Possible consequences if the
recommendations are not
observed

(3) Battery holder and battery
compartment

a) Battery compartments should
be designed so that if a battery
is reversed, open circuit is
achieved. Battery
compartments should be
clearly and permanently
marked to show the correct
orientation of batteries

Unless protection is provided
against battery reversal, damage
to equipment can occur from
resultant electrolyte leakage,
overheating, rupture, explosion or
fire

b) Battery compartments should

Equipment might be damaged or

IlJC \JUD;uIIUU‘ U t:ldt IUGttCI;Ga
other than the specified size
cannot be inserted and make
contact

i ek " "
Mgt ot operate

c) Battery compartments should
be designed to allow generated
gases to escape

d) Battery compartments should
be designed to be water proof

e) Battery compartments should
be designed to be explosion
proof when tightly sealed

Battery compartments might he
damaged when-internal presspure
of the battery becomes too high

due to gastgeneration

f) Battery compartments should
be isolated from heat
generated by the equipment

Battery might be deformed and
leak electrolyte due to excesdive
heat

g) Battery compartments 'should
be designed so that'they
cannot easily be opened by
children

Children might remove batteries
from the compartment and
swallow them

(4) Jontacts and terminals

a) Material.and shape of contacts
and termihals should be
selected so that effective
electric contact is maintained

Heat might generate at the
contact due to insufficient
connection

b)Auxiliary circuit should be
designed to prevent reverse
installation of batteries

Equipment might be damaged or
might not operate

c) Contact and terminal should be
designed to prevent reverse
installation of batteries

Equipment might be damaged.
Battery might cause electroly
leakage, overheating, rupture
explosion or fire

[

d) Direct soldering or welding to a
battery should be avoided

Battery might leak, overheat,
rupture, explode or catch fire
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Possible consequences if the

Item Sub-item Recommendations recommendations are not
observed
(5) Indication of (5.1) On the a) Orientation of batteries When a battery is inserted
necessary equipment (polarity) should be clearly reverse and charged, it can result

precautions

indicated at the battery
compartment

in electrolyte leakage, over-
heating, rupture, explosion or fire

b) The graphical symbol accord-

ing to IEC 60417-5639 (2002-
10) "rechargeable battery" [26]
should be applied on battery
chargers close to the battery

When non-rechargeable batteries
are inserted in battery chargers,
an explosion risk exists.

bUIII}JaItIIIUIIt U do tU ;Ill.:i\.zdtc
that only rechargeable
batteries shall be inserted.

(5.2) In the
instruction manual

a) Precautions for the proper

handling of batteries should be
indicated

Batteries might be mishandled
and cause accidents

b) The graphical symbol

according to IEC 60417-5639
(2002-10) "rechargeable
battery" [26] should be shown
and explained in the instruction
manuals of battery chargers so
as to indicate that only
rechargeable batteries shallbe
inserted.

When non-reclvargeable battgries
are insertedin battery chargefs,
an explgsjon risk exists. Battdries
marketas "non-rechargeablel
sH{a\™not be inserted.

c) Instruction manuals generally

should follow the pgiR€iples
layed down in [2/),

o
0]

ee 7.1.3.
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Annex C
(informative)

Additional information on display and storage

This Annex C provides additional details concerning display and storage of lithium batteries to
those already givenin 7.7.

The storage area should be clean, cool, dry, ventilated and weatherproof.

For

exceled +30 °C. Extremes of humidity (over 95 % and below 40 % relative humidity

sustdined periods should be avoided since they are detrimental to both batteries and*paeh
packaging. Batteries should therefore not be stored next to radiators or boilers”nor in d
sunlight.

Althg

lower temperatures provided that special precautions are taken. The batteries shoul

encl
whic
warn

ormal storage, the temperature should be between +10 °C and +25 °C and should\n

bsed in special protective-packing packaging (such as sealed‘\plastic bags or vari
h should be retained to protect the batteries from condensation during the time they
ning to ambient temperature. Accelerated warming is harmful.

ever

for
Hhgs
irect

ugh the storage life of batteries at room temperature is excellent, storage is improved at

l be
hnts)
are

Batteries which have been cold-stored may be put into uselafter return to ambient temperaure.

Batteries may be stored fitted in equipment or-packagés packaging, if determined suitab

the |

The
pack
pack

The
Thus
unve

Batteries should be dispatched promptly after manufacture and in rotation to distribution ce

and
area

attery manufacturer.

height to which batteries may be stagked is clearly dependent on the strength o
aging. As a general rule, this height should not exceed 1,5 m for cardboard—pack
aging or 3 m for wooden cases.

above recommendations are équally valid for storage conditions during prolonged trg
, batteries should be stored away from ship engines and not left for long perioc
ntilated metal box cars/(containers) during summer.

on to the users:\In order that stock rotation (first in, first out) can be practised, stg
5 and displays should be properly designed and packs adequately marked.

e by

f the
pges

nsit.
s in

htres
rage
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Annex D
(informative)

Safety pictograms

D.1 General

Cautionary advice to fulfil the marking requirements in this document has, on a historical basis,
been in the form of written text. In recent years, there has been a growing trend toward the use
of pigtogramsasacomptememntary orattermative Tmeans of product safety commmomicatior:

The [objectives of this Annex D are: (1) to establish uniform pictogram recommendations| that
are lied to long-used and specific written text, (2) to minimize the proliferation” of safety
pictdgram designs, and (3) to lay the foundation for the use of safety pictogtams insteqd of
written text to communicate product safety and cautionary statements.

NOTH The design of these safety pictograms basically follows the design principles-aid down in [15] and [[I7]. It
was, however, adjusted to the limitations existing for battery marking.

D.2| Pictograms
The pictogram recommendations and cautionary advice are given in Table D.1.

Table D.1 — Safety pictograms

Refd¢rence Safety pictogram Cautionary advice
A DQNOT CHARGE
i\ =
N
xO
$
B "} DO NOT DEFORM OR DAMAGE

DO NOT DISPOSE OF IN FIRE

DO NOT INSERT INCORRECTLY
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Reference Safety pictogram

Cautionary advice

E

KEEP OUT OF REACH OF CHILDREN

NOTE 1 See 7.2a) for critical safety information.

NOTE 2 Thispictogram-has-been-submittedto1SO-TC-145

for-standardisation-in-[18]

This pictogram is taken from ISO 7010-M055 (2020-11) [17]
modified — arrow removed. The blue colour and the arrow of
the ISO safety sign are not required.

NOTE 3 See also Annex F.

E DO NOT MIX DIFFERENT TYPES OR BRANDS
G DO NOT MIX NEW AND USED
H DO NOT OPEN OR DISMANTLE

DO NOT SHORT CIRCUIT

INSERT CORRECTLY

NOTE /The grey shading highlights a white margin appearing when the-safety pictogram is printed on colo

or blaekibackground.

red

D.3 Instruction for use

The following instructions are provided for use of the safety pictograms.

a) Safety pictograms should be clearly legible. With the exception of pictogram E, they should

have a diameter of 5 mm or larger.

b) Whilst colours are permitted, they should not detract from the information displayed. If
colours are used, the circle and diagonal bar of pictograms A to D and F to | should be red
and the background of pictograms E and J should be blue.
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c) Not all of the safety pictograms need to be used together for a particular type or brand of
battery. In particular, safety pictograms D and J are meant as alternatives for a similar
purpose.
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Annex E
(normative)

Child resistant packaging of coin cells

General

Accidental ingestion of coin cells has become an object of public concern. When a coin cell
gets stuck in the oesophagus, its battery voltage-in-excess-of 2V causes the electrolysis of

wat
and

rand-thegeneratiomrof-hydroxidefors—These hydroxidetons formrastrongatkatimesot
Can cause chemical burns, perforation of soft tissue, and in severe cases can cause-d

ution
path.

o

t the
stthe

Accid
as thg
them

This
prev

natig
pack

E.2

The

QO
~
— =

b) N
E

E.3

E.3.1

dnother cell.eentainment is removed from the packaging.

bntal ingestion of coin batteries with a diameter of less than 16 mm is unlikely to causesérious chemical
y naturally pass through the oesophagus and gastrointestinal tract. It is establishedmedical practice to m
Lntil they get past the oesophagus and then allow them to naturally pass throughrithe digestive tract.

annex provides an approach for child resistant packaging of\coin cells in order to hg
enting their accidental ingestion. This annex is not intended to supersede establi
nal and international standards utilizing child panel package resistance testing,
aging requirements as specified in any of [23], [24], o~}25].

Applicability

following applies to consumer type coin cells with a diameter of 16 mm and larger.

ingle cell packaging

he packaging for coin cells shall meet one of the following conditions:
Packaging requirements specified in any of [23], [24], or [25];
or

The packaging strength' shall be such that the packaging passes the tests describ
E.3.

lulti-cell packaging
ach cell containment in a multi-cell packaging shall be in compliance with a) even v

Packaging tests

burns
pnitor

Ip in
shed
e.g.

bd in

vhen

General

The following test methods were developed based on the analysis of the behaviour of children
in a test where they were required to try and open coin cell packaging within a limited time. The
tests shall be conducted by an instructed person or, alternatively, if necessary, using suitable
equipment.
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E.3.2 Test items
a) Bending test

Hold the packaging with the fingers of one hand and hold the cell with the fingers of the
other hand. Bend the packaging close to the battery until one hand touches the other hand

as shown in Figure E.1. : == - The
bending angle should be minimum 150°.

150° £5° |
|

IEC

1‘~\\
m\h Minimum 150° Minimum 1502

IEC

Figure E.1 — Bending test

b) Torsion test

Hold the packaging with the fingers of one’ hand on each of its shorter sides and twfist it
diagonally with a torsion angle of 45° £5° in opposite directions as shown in Figure|E.2,
three times in both directions:

Step 1 Hold the packaging with-the fingers of one hand on each of its shorter sides [from
the state of 0 degreesneutral state without torsion). Twist it diagonally wjth a
torsion angle of 45X\in opposite directions as shown in Figure E.2. |6

tep 2 Twist it diagonally»90° (45° back and 45° opposite direction) in opposite direcfions
to the direction twisted at the first time.

w

(5]

tep 3 Return to-ngutral state without torsion (45° back).



This change is related to item g) of the list of significant technical changes in the Foreword.
The description of the test procedure is improved for easier comprehension.
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1%, 2, 3" time

/E«-»“’ (I
o d

{ 45° 15° { 45° 15°
’ 45° +5° b 45° +5°

A[=TD"

IEC A

&“w et
Q
%

7

/[

N ®

<
Q
45° Q/O%
\7\ é45° N\
O‘\ IEC

NOTH The red and blue lines represent the top and bottom .’.@ he packaging.

Figure E.2 - T§sion test
$\
c) Tearing test %

—

ry to tear the cell compartment with }fingers as shown in Figure E.3. Alternatively use
uitable equipment and apply a forrg) f at least 25 N.

C}M

Figure E.3 — Tearing test

(7))

@\

d) Fu%rﬁest
Tr push the cell out of the compartment with the fingers. Alternatively pull with a mass
of at least 5 kg for 30 s; as shown in Figure E.4.

*=Ec

Figure E.4 — Pushing test



https://iecnorm.com/api/?name=74497ef0137850458435d5230114f93a

IEC 60086-4:2025 CMV © IEC 2025 - 49 -

E.3.3 Test procedure

Sample-packagings packages shall be tested in the condition of the packaging as sold to the
consumer. The number of test samples shall be 10-packagings packages. Each sample shall

be subjected to a series of tests in the order and frequence outlined in Table E.1.

Table E.1 — Test procedure

Order Test item Number of times
(1) a) Bending test 50
2y by Forsiomtest 25
(3) c) Tearing test 1
(4) b) Torsion test 25
(5) a) Bending test 50
(6) c) Tearing test 1
(7) d) Pushing test 1

E.3.4 Criteria

Each test sample shall meet the following criteria.

ot open too wide.

110 mm (see Figure E.5 c) for an example). 7

Hach cell shall be kept in its packaging until the end of-the test series, and

n order to prevent a child from pulling the ceII out frem its compartment the packaglng

- The maximum allowablésize of an opemng in the packaglng is
|ameter for a round hole (see Figure E.5 &),for an example) and 10 mm width for a slit
igure E.5 b) for an example). If the petimeter of the cell itself is protected, the maxi
dllowable length of an arc-shaped op&ning in the primary protective seal around the ¢

mm
(see
mum
ell is



This change is related to item d) of the list of significant technical changes in the Foreword. 
Figure E.5 c) and a description of the related criterion are added because different packaging methods have different failure modes.
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(diameter) Y _ (length)
®
— IEC
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B —_ | s — > C)@
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Y / (§>
ég/ i
EC N — IEC bs >
IEC

a) Round hole

b) Slit

c \Q/g,)in primary protective seal

Figure E.5 — Maximum packaziéopening
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F.1

Annex F
(irformativenormative) (8

Use of the KEEP OUT OF REACH OF CHILDREN safety sign

General

Accidental ingestion of coin cells has become an object of public concern. When a coin cell
gets stuck in the oesophagus, its battery voltage-in-excess-of 2V causes the electrolysis of

wat
and

The-|
pare
are s

Ther
prod

F.2

Whe
of re
and
sign

new purpose of the safety sign KEEP OUT OF REACH OF CHILDREN-shauid is to
nts who have children a heads-up as a mandatory action sign even if intended progq
afe in the usual sense of adults.

Lcts-should shall be kept out of reach of children in order to pre¥ent accidental ingesfi

Safety sign

Best practices for-Marking on the packaging
Refer to-TFable-9 Table 10 for marking requirements on packaging.

over at least 50 % of the areéa of the pictogram.
brger.

ackground coleren which it is printed.

Best practices for-Marking on the cell

Refer-to=Fable-9 Table 10 for marking requirements on coin cells.
he safety &gn%he&é shall be applled durably and mdellblymapked No colour is req

Engravingetehingembessing

c) The safety sign on cells-should shall have a diameter of 6 mm or larger.

rand-thegeneratiomof-hydroxidetos—These hydroxide ons formrastronmgatkatime sotution
can cause chemical burns, perforation of soft tissue, and in severe cases can cause-d¢ath.

give
ucts

efore, the purpose of the-nrew safety sign is—used to convey themessage that these

on.

h a safety sign is used to convey the message thatthese products-should shall be kegt out
ach of children, the following-bestpractices-apply@pplies. The safety sign recommendation
cautionary advice for use on batteries and battery packaging are given in Table D.1, shfety
E, while warning text for safety information about battery handling is given in Figure 9.

he safety sign-should shall be_on contrasting background. The background-sheuld ghall
he size of the safety sign-sheuld shall be such that the diameter is 6 mm-in-diametpr or

f the text KEEP OUT OF REACH OF CHILDREN is used, it-sheuld shall contrast with the

red.

NOTE Recommended Alternative versions of the safety signs are shown in Figure F.1. The manufacturer can select
any of-the-safety-signs them.

IEC IEC IEC

a) Type1 b) Type 2 c) Type3
Figure F.1 —Recommended Safety signs for use on coin cells



This change is related to item e) of the list of significant technical changes in the Foreword. 
As prevention of inadvertent ingestion of coin cells becomes more important and in order to support the requirement for the safety sign to appear ON THE BATTERY in certain cases, this Annex is made normative.
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Annex G
(normative)

Measures against misuse of batteries not intended
for consumer replacement |9 E

G.1 Background

Lithium primary batteries are at risk of explosion or fire, if they are subjected to reverse
(chafging) current beyond the manufaciurer's assumed current value (conditions dewatw from

Test{l in 6.5.6). @
O

Thernefore, under any circumstances, lithium primary batteries must not be rechﬁ/(@ed.

Howpver, with the advent of lithium secondary batteries and their cha fa}s that are pize-

the I{thium primary battery will be accidentally inserted into a battery

replgcement3 but are distributed only to equipment
retailers and technically skilled consumers. They a
and unmistakeably connected to a circuit by me Lﬁ@o a harness. Under no circumstances must
they|be inserted in battery compartments of eq e

end ponsumer. This holds particularly for big\@y chargers.

compatible with the lithium primary batteries standardised in IEC 60086-2; there is a riskf that
?&ger

In pdrticular, lithium primary batteries not standardised in IEC 68& 2 are at risk of particylarly
seriqus accidents.

Battg¢ries not standardised in IEC 60086-2 are g?@”y not intended for cons{imer

ufacturers and at most to specjalist
nerally rigidly soldered or permangntly

nt designed for battery replacement by the

Refer to 7.1.2 for safety measures ) must be implemented when such batterieqd are

incofporated into a circuit powered by&n independent main power source.

packiaging, and placing on t arket.

G.2.1 Ide ation of primary (non-rechargeable) batteries not intended for

a)

3

The purpose of this annex iséqi?ntify such batteries and specify requirements for their mafking,

G.2 Additional{rﬁures for the prevention of confusion of primary batterig¢s

Prim Qggtterles are considered to present a particular risk when inserted in battery chafgers
if th ave the fnllnwlnn nrnnnr’rlnc

xO

not intend or consumer replacement with secondary batteries

mer replacement

The battery belongs to voltage range 2 according to IEC 60086-1:2021, 4.1.7. This voltage
range is characterized by a standard discharge voltage in the range from 2,72 V to 3,68 V;
and

The battery is not specified in IEC 60086-2 but is dimensionally interchangeable with a
battery type specified in IEC 60086-2; and

The battery meets one of the following conditions:
i) The battery is not intended for consumer replaceable applications; or
i) The battery does not fulfil the design requirements of 4.1 c).

Such batteries typically comply with the definition of industrial batteries in the European Batteries Regulation
[28].



Safety standardisation
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Battery incident Hamburg 2018
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Thomas Dittrich
Chairman DKE / K 371 Secondary batteries
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Battery incident Hamburg 2018 in the local press

= Akku-Ladegerat explodiert

Mann am Oberkorper verletzt — Lebensgefahr!
(Hamburger Morgenpost, 2018-08-22)

= St. Pauli

Ladegerat wird zur Todesfalle l___
(Hamburger Morgenpost, 2018-08-23)

» Ladegerat explodiert auf St. Pauli

27-Jahriger stirbt im Krankenhaus
(Hamburger Morgenpost, 2018-08-24)

N
= Explodierter Akku totet 27-Jahrigen e

Alex starb an seinem Geburtstag
(Hamburger Morgenpost, 2018-08-25)

[ =

FEUERWEHR | )

1]
H

For discussion in IEC TC 35, IEC SC 21A, and IEC TC 61 Folie 2





Battery incident Hamburg 2018

= Letter from the Market Surveillance Authority (MSA) iti
Hamburg, dated 2021-03-04 —

= Distributed in DKE / K 372 Primary batteries Freie und Hansestadt Hamburg
with document 372_2021_0021 Behorde fiur Justiz und Verbraucherschutz

= |etter is available in an English

Bef:brde fur Justiz und Verbraucherschutz, Postfach 30 28 22, 20310 Hamburg Behérde fiir Justiz und Verbraucherschutz

tranS|atI0n Per E-Mail an: g:;cti;ttr-, :zdz;\r;lzagensicherheit -V2
= MSA intends to require improvement  Hem Dr. Thomas Ditiicn s
(thomas.dittrich@tadiranbatteries.de) eFax:  +49 40 4279-48250
Ansprechpartner: : Andreas Siegmun

Of Safety Standards’ SUCh as Safety Obmann des K 372 bei der DKE E—MZiI propd:ktsicherheit@justiz?hamt()jurg.de
test requirements in IEC 60086-4:2015 fi PR RTRT 0101
Primary batteries — Part 4: Safety of
lithium batteries.

Nachrichtlich per E-Mail an: 1. Frau Dr. Kerstin Sann-Ferro (Kerstin.Sann@vde.com)

2. Frau Elena Rongen (Elena.Rongen@vde.com)

Beabsichtigte Unterrichtung der Bundesanstalt fiir Arbeitsschutz und Arbeitsmedizin (BAuA)
gemdaB § 4 Abs. 3 des Produktsicherheitsgesetzes (ProdSG) wg. unzureichender Priifanforde-
rungen in der DIN EN 60086-4

For discussion in IEC TC 35, IEC SC 21A, and IEC TC 61 Sehr geehrter Herr Dr. Dittrich, Folie 3





Battery incident Hamburg 2018

» Fatal occupational incident in Hamburg summer 2018

» Explosion of a Lithium Thionyl Chloride (LTC) Primary battery ER 14505
caused by abnormal Charging with a USB quick charger

= Universal battery charger e.g. Type ZH222C from iEGrow (ASIN"
BO7VXDHSZR) for various battery types 18650, 26650, 18500, 18350,
17670, 17500, 16340, 14500, 10440, AA, AAA, C, SC).

= ,The battery charger can distinguish different Li-lon / NiMH / NiCd
secondary batteries automatically and attribute charging current and
voltage accordingly®

= cited from Amazon web shop.

Y Amazon Standard Identification Number
r discussion in IEC TC 35, IEC SC 21A, and IEC TC 61

Folie 4





Battery incident Hamburg 2018

= Expert investigation for clarification of accident cause
= Behavior of different manufacturers’ LTC primary batteries when charged
» Orienting, non systematic abnormal charging tests
» Charging cradle in a mesh cage for safety in case of explosions
» Documentation of Warning notices and cell design
= Battery type of the accident cell was re-purchased, size AA
= Sizes of cells purchased for comparison not always documented
= All cells have a bobbin design
= Cells were charged with different voltages until they exploded. One cell
did not explode, even under the highest voltage
= Charging voltage in the range from 4.3 V to 32 V.
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Battery incident Hamburg 2018

= Expert investigation: assessment

» The accident cell was identified by its shrink sleeve

* The accident cell was misused in a toy gun for 1.5V cells

* [n the presumed assumption that they were rechargeable, the primary
cells were charged with a battery charger for lithium ion cells

» The battery charger was so much damaged during the accident that it
could not be put into operation again

» The voltage of lithium ion cells is similar to that of LTC cells so that the
battery charger cannot distinguish between them.

For discussion in IEC TC 35, IEC SC 21A, and IEC TC 61





Battery incident Hamburg 2018

= Expert investigation: Warning notices and safety devices

= WWarning notices found on all cell types, however not always in German

= Technical safety precaution for prevention of inadvertent charging of
primary cells is unknown

= Cell format AA is interchangeable with general use household batteries
of the alkaline system (non rechargeable) on the 1.5 V voltage level and
of the Ni/MH system (rechargeable) on the 1.2 V voltage level

» LTC batteries not available in retail shops and therefore usually not
available for end users

= (Not necessarily true for web shops

» Requirement for safety wiring not easily enforceable when sold through
web shops).
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Battery incident Hamburg 2018

» The MSA did not undertake a safety investigation of USB quick chargers

» Reasoning: IEC 60335-2-29 Safety of household and similar electrical
appliances - Part 2-29: Particular requirements for battery chargers is
not listed by the National Occupational Health Authority under the
Product Safety Law.
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Battery incident Hamburg 2018

» Second test report ordered by the MSA from VDE Renewables

» Goal: Abnormal Charging Test according to IEC 60086-4, 6.5.5, Test |

» Result: 5 of 5 test samples from different manufacturers complied

= But: abnormal charging current too small

» Since: Does not simulate the situation in the battery charger

» [ntention of the MSA: ,Improvement” of the test requirements in IEC
60086-4, so that they simulate the situation in the battery charger

» Problem: battery manufacturers do not consider this feasible

» Consequence: MSA is going to inform the National Occupational Health
Authority as required by the Product Safety Law.

Folie 9





Battery incident Hamburg 2018

= National Battery manufacturers’ Association (ZVEI) has informed its
members on 2021-04-21

» Potential consequence: loss of conformity assumption for IEC 60086-4
under Product Safety Law

» Potential assessment of IEC 60335-2-29.





Battery incident Hamburg 2018

LTC battery size AA USB battery charger Li ion battery size AA

e.g. ASIN BO7HK3KDSY e.g. ASIN BO7VXDHSZR e.g. Art.No. AKT-100103

For discussion in IEC TC 35, IEC SC 21A, and IEC TC 61 Folie 11





Battery incident Hamburg 2018

» Pertinent standards:

» |EC 60086-1 Primary Batteries — General

» |EC 60086-4 Primary Batteries — Safety of lithium batteries

» |EC 60335-2-29 Household and similar electrical appliances — Safety — Part 2-29:
Particular requirements for battery chargers

» |EC 61960-3 Secondary cells and batteries containing alkaline or other non-acid
electrolytes — Secondary lithium cells and batteries for portable applications — Part 3:
Prismatic and cylindrical lithium secondary cells and batteries made from them

» |EC 62133-2 Secondary cells and batteries containing alkaline or other non-acid
electrolytes — Safety requirements for portable sealed secondary lithium cells, and for
batteries made from them, for use in portable applications — Part 2: Lithium systems

= UL 1642 Lithium Batteries

For discussion in IEC TC 35, IEC SC 21A, and IEC TC 61 Folie 12
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» Standardization of Primary batteries:

= |EC 60086-1

= Table 1: System E = Lithium Thionyl Chloride

= 4.1.7 Interchangeability
“Because batteries from the 1.5 V voltage range and from the 3 V voltage range show
significantly different discharge voltages, they shall be designed to be physically non-
interchangeable.”

» [mplementation in the market
= ER 14505 is ,not standardized” (no specification sheet in IEC 60086-2)
» ER 14500 and ER 14505 not available in normal retail shops (but on the web)

= Potential for improvement: Effectively restrict availability of ER 14500 and ER 14505 in
the form without a harness and without solder contacts including on the web! (Similar to
hazardous substances!)

For discussion in IEC TC 35, IEC SC 21A, and IEC TC 61 Folie 13
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» Standardization of Primary batteries (Cont'd):

= |EC 60086-4
= 41 Design

The following design concepts for safety are common to all lithium batteries:

C) Lithium cells and batteries shall be designed to relieve excessive internal pressure
or to preclude a violent rupture under conditions of transport, intended use and
reasonably foreseeable misuse.

= Potential for improvement: Rupture needs to be excluded under all conditions of
reasonably foreseeable misuse!

For discussion in IEC TC 35, IEC SC 21A, and IEC TC 61 Folie 14
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» Standardization of Primary batteries (Cont'd):

= |EC 60086-4

= 7.1.2 Charge protection
When incorporating a primary lithium battery into a circuit powered by an independent main
power source, protective devices shall be used in order to prevent charging the primary battery
from the main power source, for example

a) a blocking diode and a current limiting resistor (see Figure 7a);
b) two series blocking diodes (see Figure 7b);
c) circuits with a similar blocking function based on two or more independent protective devices;

provided that the first protective device is capable of limiting the charging current through the
lithium battery to the normal reverse current specified by the manufacturer which can be applied
to the battery during its operating life, while the second protective device is capable of limiting the
charging current to the abnormal charging current specified by the battery manufacturer and used
for conduction of test |, Abnormal charging. The circuit shall be so designed that at least one of
these protective devices remains operational when any one component of the circuit fails.

For discussion in IEC TC 35, IEC SC 21A, and IEC TC 61 Folie 15
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» Standardization of Primary batteries (Cont'd):
= |[EC 60086-4
= 71.2 Charge protection (Cont'd)

~ RAM ~ RAM
N iy
H iy

a) Diode and resistor b) Two diodes

Figure 7 — Examples of wiring for charge protection

For discussion in IEC TC 35, IEC SC 21A, and IEC TC 61 Folie 16
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» Standardization of Primary batteries (Cont'd):

= |EC 60086-4

= 9 Marking and packaging
Potential for improvement:
Development of a consistent and easily comprehensible marking to distinguish
rechargeable cells from non-rechargeable ones.

For discussion in IEC TC 35, IEC SC 21A, and IEC TC 61 Folie 17
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» Standardization of battery chargers:
= |EC 60335-2-29

= 7 Marking and instructions
=712

The instructions shall:

— contain a warning notice against charging of non-rechargeable batteries;

= Potential for improvement:

» Measures of functional safety in order to prevent charging of non-rechargeable
batteries effectively

» Require a mesh case or similar covering that withholds cell parts during an explosion
when battery chargers are designed so as to recharge lithium ion batteries.

For discussion in IEC TC 35, IEC SC 21A, and IEC TC 61 Folie 18
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» Standardization of Secondary batteries:
= |EC 61960-3 and IEC 62133-2

= Potential for improvement:
Introduce criteria for interchangeability / exchangeability of batteries with non-
rechargeable ones of equal or compatible voltage level as well as measures against
safety hazards resulting from it

= Potential for improvement:
Development of a consistent and easily comprehensible marking to distinguish
rechargeable cells from non-rechargeable ones.

For discussion in IEC TC 35, IEC SC 21A, and IEC TC 61 Folie 19
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» Standardization of Lithium batteries (USA):

= UL 1642

= Lithium batteries are usually UL-certified: Component Category BBCV2

= 5.1 Technician-replaceable batteries
5.1.2 When a fire or explosion occurs as a result of the Crush Test, Section 13, or the
Impact Test, Section 14, or the cell or battery ruptures to the extent that the aluminum
test cage is penetrated during the Projectile Test, Section 20; the use of the technician
replaceable cell or battery shall be restricted to applications in which it is not exposed to,
or is protected from, any conditions shown to cause a fire or explosion.

For discussion in IEC TC 35, IEC SC 21A, and IEC TC 61 Folie 20
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» Standardization of Lithium batteries (USA):
= UL 1642

» 5.2 User-replaceable batteries

= 5.2.1 User-replaceable lithium cells or batteries are to be tested as described in Sections
10 — 20. Section 12, Forced-Discharge Test, is applicable only to cells intended to be
used in series-connected, multicell applications such as battery packs. In addition to
complying with the requirements for a technician replaceable cell or battery as specified
in 5.1.1, a user-replaceable cell or battery shall not explode or ignite when subjected to
the Crush Test, Section 13, or the Impact Test, Section 14. A user-replaceable battery
shall comply with the requirements for Sections 10 — 20 and with the applicable
construction requirements outlined in Section 4. Secondary lithium cells shall not be
considered user-replaceable.

For discussion in IEC TC 35, IEC SC 21A, and IEC TC 61 Folie 21
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» Standardization of Lithium batteries (USA):
= UL 1642

= Potential for improvement:
Adopt the concept in a suitable form for IEC standardization.

For discussion in IEC TC 35, IEC SC 21A, and IEC TC 61 Folie 22
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This change is related to item f) of the list of significant technical changes in the Foreword. 
It became necessary after a fatal accident had occurred in Hamburg in August 2018. A young man had replaced a rechargeable lithium ion battery with a non-rechargeable lithium primary battery of the E-system. The battery charger – although “intelligent” – did not recognize it and charged the battery until it exploded. As it is not possible to prevent such misuse with technical measures, organizational measures are described in this new Annex G. They address both distributors and manufacturers as well as other parties along the supply chain of this kind of batteries. 
See the attached presentation for more information (double-click the pin icon).
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NOTE Batteries with harnesses or solder tags are not considered to be dimensionally interchangeable with their
counterparts having no harnesses or solder tags.

G.2.2 Marking and information requirements for primary batteries not intended fo

consumer replacement

r

Primary batteries that have been identified according to G.2.1 as presenting a particular risk
shall be placed on the market in such a way that they cannot end up in the reach of end users.
They shall not be sold into applications where they can be replaced and inserted in equipment
by the end user.

Where it cannot be prevented that such batteries end up in the reach of end users_the following

additional measures shall be taken: A

a) The batteries shall be packed individually in an immediate packaging, e.g. in (9 rdboard
Hox or in a plastic bag; and

b) The batteries shall be marked visibly, legibly, and permanently &’rding to| the
requirements of the local product safety legislation with an indicatitﬁ", at they arg not
rechargeable and not intended for consumer replaceable applications;sand

c) I this marking, due to lack of space, cannot be applied on the @%ery itself, the mafking
required in list item b) shall be confirmed on the immediate pa ing; and

d) Tlhe indication according to list item b) shall also be app '@in connection with offers for

G.2.8 Information responsibility of manufactt@?s and distributors

n

separately that he has read and understood the inan n.

bl:le in such a way that it can easily be found and read. Q s for sale on the internet ghall
e

set up in such a way that the buyer, before com ing the purchase, has to confirm

N
Manpfacturers and distributors of primary batteﬁ@that have been identified according to ¢.2.1
as presenting a particular risk shall inform ir customers about the particular risk of these

in tHe data sheets and in the shippi ocuments. Furthermore, they shall ensure ih an

apprppriate manner that this informatigiresponsibility is passed on along the supply chaip.

battgries and the requirements for th:ryr!gj ing, e.g. by referring to Annex G of this document

xO
oF
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List of comments

This change is related to item a) of the list of significant technical changes in the Foreword.

A definition for a term is different from a method for determining a value for the variable
represented by that term. The method for determining whether a cell or battery is leaking
or not is described in Subclause 6.2.3.

This change is related to item a) of the list of significant technical changes in the Foreword.

A definition for a term is different from a method for determining a value for the variable
represented by that term. The method for determining whether a cell or battery has vented
br not is described in Subclause 6.2.4.

These changes are related to item b) of the list of significant technical changes in the
Foreword.

They are a consequence of adjusting the test method to the application-ofithium primary
batteries observed in the market.

The addition of this subclause acknowledges the fact that measures against inadvelrtent
ngestion of coin cells become more important as the market penetration of this prqduct
ype increases. It is also an attempt to increase the awarenéss of the different ingeption
Fisks related coin and button cells because of their different sizes and voltage levels.

This change is related to item c) of the list of significant4echnical changes in the Foreword.

t constitutes the main change made in Clause 9 Marking: Extension of the requirement to
have the KEEP OUT OF REACH OF CHILDREN;safety sign on coin cells and batterigs to
hose with a diameter between 16 mm and 20 mm: The other changes in Clause 9 are mfainly
Hue to an attempt to make the wording cleareryand to harmonize it with IEC 60086-5.

This change is related to item g) of the listof significant technical changes in the Foreword.

The description of the test procedurelis improved for easier comprehension.

This change is related to item d).of the list of significant technical changes in the Foreword.

Figure E.5 c) and a description of the related criterion are added because diff¢rent
backaging methods have different failure modes.

This change is related to item €) of the list of significant technical changes in the Foreword.

As prevention of(inadvertent ingestion of coin cells becomes more important and in ¢rder
o support the requirement for the safety sign to appear ON THE BATTERY in certain c3ses,
his Annex_ is.fnade normative.

This change is related to item f) of the list of significant technical changes in the Foreword.

t became necessary after a fatal accident had occurred in Hamburg in August 2018. A ypung
mat‘had replaced a rechargeable lithium ion battery with a non-rechargeable lithium primary
pattery of the E-sysiem. The battery charger — although 'ntelligent” — did not recognize it
and charged the battery until it exploded. As it is not possible to prevent such misuse with
technical measures, organizational measures are described in this new Annex G. They
address both distributors and manufacturers as well as other parties along the supply chain
of this kind of batteries.

See the attached presentation for more information.
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PRIMARY BATTERIES -
Part 4: Safety of lithium batteries
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IEC

Inte

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization cemprising
national electrotechnical committees (IEC National Committees). The object of IEC is to promoteTinternational
-operation on all questions concerning standardization in the electrical and electronic fields.,To~this end and
addition to other activities, IEC publishes International Standards, Technical Specifications, Fechnical Reports,
blicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publieation(s)"). |Their
eparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
by participate in this preparatory work. International, governmental and non-governmental-organizations ligising
th the IEC also participate in this preparation. IEC collaborates closely with the International Organizatipn for
andardization (ISO) in accordance with conditions determined by agreement between the two organizatipns.

e formal decisions or agreements of IEC on technical matters express, as néatly as possible, an interngtional
nsensus of opinion on the relevant subjects since each technical committée has representation frgm all
erested IEC National Committees.

C Publications have the form of recommendations for international\dse and are accepted by IEC N4gtional
mmittees in that sense. While all reasonable efforts are made to. ensure that the technical content df IEC
blications is accurate, IEC cannot be held responsible for,the/way in which they are used or for any
sinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publictions
nsparently to the maximum extent possible in their national*and regional publications. Any divergence befween
y IEC Publication and the corresponding national or regional publication shall be clearly indicated in the |atter.

C itself does not provide any attestation of confgrmity. Independent certification bodies provide conf¢rmity
sessment services and, in some areas, access\to IEC marks of conformity. IEC is not responsible fqr any
rvices carried out by independent certification\bodies.

users should ensure that they have the latest edition of this publication.

liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
embers of its technical committees and IEC National Committees for any personal injury, property damdge or
her damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)) and
penses arising out of the publication, use of, or reliance upon, this IEC Publication or any othef IEC
blications.

tention is drawn to the Normative references cited in this publication. Use of the referenced publicatipns is
Hispensable for the correct application of this publication.

C draws attention”to-the possibility that the implementation of this document may involve the use pf (a)
tent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
5pect thereof. ‘As\of the date of publication of this document, IEC had not received notice of (a) patent(s), which
hy be required-to implement this document. However, implementers are cautioned that this may not repilesent
b latest information, which may be obtained from the patent database available at https://patents.iec.chh. IEC
all notbesheld responsible for identifying any or all such patent rights.

b0086-4 has been prepared by technical committee 35: Primary cells and batteries. It |s an

ational Standard.

This sixth edition cancels and replaces the fifth edition published in 2019. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous

edition:

a) Added definitions for leakage and venting, in addition to the test criteria;
b) Revised overdischarge test;

c) Revised marking requirements;

d) Revised criteria for the child resistant packaging test;

e)

Changed the purpose of Annex F from "informative" to "normative";
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g)
h)

The fext of this International Standard is based on the following documents:
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Added a new Annex G with additional measures against misuse of batteries not intended
for consumer replacement;

Integrated the contents of Interpretation Sheet 1 (IEC 60086-4:2019/ISH1:2020);

In Clause 3, terms were reordered according their functions: basic terms, electrochemical
systems, battery shapes, battery sizes, electrical characteristics, specifications, safety
aspects, failure modes;

In 6.4.4, the exemption for the shock acceleration for lithium primary batteries was reduced
from 12 kg to 4,482 kg in order to reflect the fact that this is the threshold in IEC 62281,
Test T-4, where the peak acceleration decreases below 150 g,.

Draft Report on voting

35/1571/FDIS 35/1579/RVD

Full Information on the voting for its approval can be found in the report-oni voting indicated in

the gbove table.

The Janguage used for the development of this International Standard is English.

This|document was drafted in accordance with ISO/IEC Directives, Part 2, and developg¢d in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available

at

desgribed in greater detail at www.iec.ch/publications.

NOTH 1 The following print types are used:

www.iec.ch/members_experts/refdocs. The main document types developed by IE(Q are

ingtructions/warnings for consumers: in italic types

A list of all parts in the IEC 60086 series{under the general title Primary batteries, can be fpund

on the IEC website.

The rommittee has decided thatthe contents of this document will remain unchanged unt|l the
stabllity date indicated on the'IEC website under webstore.iec.ch in the data related tg the

spedific document. At this date, the document will be

reconfirmed,
withdrawn, or

revised.

NOTH 2 The attention of National Committees is drawn to the fact that equipment manufacturers and testing
organjizations may need a transitional period following publication of a new, amended or revised IEC documgnt in
which| te‘make products in accordance with the new requirements and to equip themselves for conducting new or
revised—tests— s theTecommendatiomof the—committee—that—the—comntent—of—this—document—be—adopted for
implementation nationally not earlier than 2 years from the date of publication. The transitional period applies
specifically to changes in Table 10. In the meantime, the previous edition can still be ordered by contacting your
local IEC member National Committee or the IEC Secretariat.

IMPORTANT — The "colour inside" logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

The concept of safety is closely related to safeguarding the integrity of people and property.
This document specifies tests and requirements for lithium batteries and has been prepared in
accordance with ISO/IEC guidelines, taking into account all relevant national and international
standards which apply.

Lithium batteries are different from conventional primary batteries using aqueous electrolyte in
that they contain flammable materials.

Congequently, TS Tmportant t0 carerully consider satety during design, production, distribgtion,
use,|and disposal of lithium batteries. Based on such special characteristics, lithium batteries
for cbnsumer applications were initially small in size and had low power output. There Were|also
lithium batteries with high power output which were used for special industrial_and military
applications and were characterized as being "technician replaceable". The firstjedition of this
docyment was drafted to accommodate this situation.

Howgver, from around the end of the 1980s, lithium batteries with high-power output startgd to
be widely used in the consumer replacement market, mainly as a(power source in camera
applications. Since the demand for such lithium batteries with high-power output significantly
incrgased, various manufacturers started to produce these types’ of lithium batteries. As a
consequence of this situation, the safety aspects for lithium<batteries with high power otitput
werg included in the second edition of this document.

Primjary lithium batteries both for consumer and industfialapplications are well-established|safe
and [reliable products in the market, which is at_least partly due to the existence of sgfety
stanflards such as this document and, for transport, IEC 62281. The fourth edition of] this
document reflected minor changes which became™necessary in order to keep it harmonized| with
IEC p2281 and to continuously improve the.user information about safety related matters.

Guitielines addressing safety issues-during the design of lithium batteries are provided in
Anngx A. Annex B provides guidelines-addressing safety issues during the design of equipment
whefe lithium batteries are installed.’Both Annex A and Annex B reflect experience with lithium
battdries used in camera applications and are based on [22]1.

The Jngestion hazard of coin cell batteries has become an issue and was addressed in thg fifth
and gixth editions of this.document by several independent measures such as the development
of a hew safety sign"KEEP OUT OF REACH OF CHILDREN" as well as the introduction of ghild
residtant packaging:

A ndw Annex G addresses measures against misuse of cells and batteries not intendef for
consumer<+eplacement.

Safefy\is freedom from unacceptable risk. There can be no absolute safety: some ris§ will
remain. Therefore a product, process or service can only be relatively safe. Safety is achieved
by reducing risk to a tolerable level determined by the search for an optimal balance between
the ideal of absolute safety and the demands to be met by a product, process or service, and
factors such as benefit to the user, suitability for purpose, cost effectiveness, and conventions
of the society concerned.

As safety will pose different problems, it is impossible to provide a set of precise provisions and
recommendations that will apply in every case. However, this document, when followed on a
judicious "use when applicable" basis, will provide reasonably consistent standards for safety.

T Numbers in square brackets refer to the Bibliography.
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PRIMARY BATTERIES -

Part 4: Safety of lithium batteries

1 Scope

This

part of IEC 60086 specifies tests and requirements for primary lithium batteries to e

sure

their|

NOTH

safe operation under intended use and reasonably foreseeable misuse.

Primary lithium batteries that are standardized in IEC 60086-2 are expected to meet ‘all’ appl

requifements herein. It is understood that consideration of this part of IEC 60086 might also be given to mea

and/o
that g

purpo

2

The

congftitutes requirements of this document. For dated references, only the edition cited apg

For
ame

IEC

IEC

IEC

3

I ensuring the safety of non-standardized primary lithium batteries. In either case, no claim-ar \warranty is
ompliance or non-compliance with this part of IEC 60086 will fulfil or not fulfil any of\the user's par
ses or needs.

Normative references

ollowing documents are referred to in the text in such a waythat some or all of their co

undated references, the latest edition of the reférenced document (including
ndments) applies.

50086-1:2021, Primary batteries — Part 1: General
50086-2, Primary batteries — Part 2: Physical and electrical specifications

52281, Safety of primary and secondary lithium cells and batteries during transport

Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO
addr]

NOTH

and IEC maintain\terminology databases for use in standardization at the follo
Esses:

EC Electropedia: available at https://www.electropedia.org/

50 Online’browsing platform: available at https://www.iso.org/obp

Certain definitions taken from I[EC 60050-482, IEC 60086-1, and ISO/IEC Guide 51 are repeated bel

convg

nience.

cable
uring
made
icular

htent
lies.
any

wing

w for

3.1
cell

basic functional unit, consisting of an assembly of electrodes, electrolyte, container, terminals
and usually separators, that is a source of electric energy obtained by direct conversion of
chemical energy

[SOURCE: IEC 60050-482:2004, 482-01-01]
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3.2

battery

one or more cells electrically connected and fitted in a case, with terminals, markings and
protective devices etc., as necessary for use

[SOURCE: IEC 60050-482:2004, 482-01-04, modified — "fitted with devices necessary for use,
for example case" replaced by "electrically connected and fitted in a case", addition of "etc., as
necessary for use".]

3.3
component cell
cell ¢ontained in a battery

3.4

lithiuym cell
ceIIL}‘;ontaining a non-aqueous electrolyte and a negative electrode of lithidm“or contalning
lithium

[SOURCE: IEC 60050-482:2004 482-01-06, modified — removal of Neté.]

3.5
coin|cell

coin|battery

lithiym button cell
lithiym button battery
smalll round cell or battery where the overall height”is less than the diameter, contajning
non-pgqueous electrolyte.

Note || to entry: The nominal voltage of lithium batteries is typically greater than 2 V. See also the definitjon of
"buttdn cell" in IEC 60086-5

Note P to entry: See 7.3 for proposed use of the alternative terms.

Note B to entry: The terms "lithium button(cell" and "lithium button battery" were provided as alternative terms for
"coin [cell" and "coin battery" in order tq prevent the use of the terms "button cell" and "button battery" which would
be copfusing as they have a different meaning, see part 1 of this standard.

Consgquently, the terms "coin cell*’and "coin battery" should be omitted in those languages where they haye no
mean|ngful literal equivalent.

[SOURCE: IEC 60050-482:2004 482-02-40, modified — terms modified, Note replaced.]

3.6
cylindrical. cell

cylindricalbattery

round eel-or battery in which the overall height is equal to or greater than the diameter

[SOURCE: IEC 60050-482:2004, 482-02-39, modified — "cell with a cylindrical shape" replaced
by "round cell or battery".]

3.7

prismatic cell

prismatic battery

cell or battery having the shape of a parallelepiped whose faces are rectangular

[SOURCE: IEC 60050-482:2004, 482-02-38]

3.8
large cell
cell with a gross mass of more than 500 g
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large battery
battery with a gross mass of more than 12 kg

3.10
nom

inal voltage

suitable approximate value of the voltage used to designate or identify a cell, a battery or an
electrochemical system

[SOURCE: IEC 60050-482:2004, 482-03-31]

3.1

open circuit voltage

ocV
volt3

[SOL

volt3
with

3.12

, Ugc, off-load voltage
ge across the terminals of a cell or battery when no external current is flowing

JRCE: IEC 60050-482:2004, 482-03-32, modified — alternative terms 1OCV, Uq, off

ge" added, "across the terminals" added, "when the discharge current is zero" repl
"'when no external current is flowing".]

rated capacity

capa
man

[SOL

3.13

city value of a cell or battery determined under specified conditions and declared b
Lifacturer

JRCE: IEC 60050-482:2004, 482-03-15, modified — "cell or" added.]

depth of discharge

DOD
perc

3.14

bntage of rated capacity discharged-from a cell or battery

undischarged

statg

3.15
fully
statg

3.16

harm

injur

of a primary cell or battery at 0 % depth of discharge

discharged
of a cell or.battery at 100 % depth of discharge

or damage to the health of people, or damage to property or the environment

load
hced

the

[SOURCE: ISO/IEC Guide 51:2014, 3.1]

3.17

hazard
potential source of harm

[SOURCE: ISO/IEC Guide 51:2014, 3.2]

3.18
risk

combination of the probability of occurrence of harm and the severity of that harm

[SOURCE: ISO/IEC Guide 51:2014, 3.9, modified — removal of Note.]
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3.19

safety
freedom from risk which is not tolerable

[SOURCE: ISO/IEC Guide 51:2014, 3.14]

3.20

intended use
use in accordance with information provided with a product or system, or, in the absence of

such

information, by generally understood patterns of usage

[SOL

3.21

reaspnably foreseeable misuse

use
from

[SOL

3.22
prot
devi
the ¢
circy

3.23
leak
unpl

Note
in Clg

3.24
vent
reled

Note
in Clg

4

4.1

JRCE: ISO/IEC Guide 51:2014, 3.6]

pf a product, process or system in a way not intended by the supplier, butjwhich may r
readily predictable human behaviour

JRCE: ISO/IEC Guide 51:2014, 3.7, modified — removal of Notes.]

bctive devices

tes such as fuses, diodes or other electric or electronic.current limiters designed to inte
urrent flow, block the current flow in one directionr limit the current flow in an elec
it

hge
hnned escape of electrolyte, gas or oth&r'material from a cell or battery

to entry: Leakage in this sense should nét be confused with the test evaluation criteria for leakage sps
use 6.

ing

to entry: Venting in“this sense should not be confused with the test evaluation criteria for venting spq
use 6.

Requirements for safety

Désign

se of excessive internal_pressure from a cell or battery in a manner intended by design

Bsult

frupt
rical

cified

cified

Lithi

mhattariac ara cataanrizad by thair chamical camnacition (anadae cathode —ealaectro
HH—PatteHeS—aHe—-6ate goHLte o/ ytHeH—enRe i Hea+—66mPp oSO R—ahRoae—6atoae—e+e6Ho

yte),

internal construction (bobbin, spiral) and are available in cylindrical, coin and prismatic
configurations. It is necessary to consider all relevant safety aspects at the battery design stage,
recognizing the fact that they can differ considerably, depending on the specific lithium system,
power capability and battery configuration.
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following design concepts for safety are common to all lithium batteries:

a) Abnormal temperature rise above the critical value defined by the manufacturer shall be
prevented by design.

b) Temperature increases in the battery shall be controlled by a design which limits current
flow.

c) Lithium cells and batteries shall be designed to relieve excessive internal pressure or to
preclude a violent rupture under conditions of transport, intended use and reasonably
foreseeable misuse.

If, in_particular cases, this design concept cannot be implemented, the organisat

onal

requ

See

4.2
The

rements described in Annex G shall apply.
Annex A for guidelines for the achievement of safety of lithium batteries.

Quality plan

manufacturer shall prepare and implement a quality plan defining thé procedures fo

inspgction of materials, components, cells and batteries during the course of manufactur

be a

pplied to the total process of producing a specific type of battery. Manufacturers sh

undgrstand their process capabilities and should institute the ne¢essary process contro

I the
e, to
ould
s as

5ting

r, for

they|relate to product safety.

5 Type testing and sampling

5.1 | Validity of testing

Lithibm cells or batteries shall be subjected to-the tests, as required in this document. Te

remgins valid until a design change or requirement revision has been made. Retesting is

requjred when:

a) g battery specification changes by-more than 0,1 g or 20 % mass, whichever is greate
the cathode, anode or electrolyte;

b) 4 battery specification change would lead to a failure of any of the tests;

c) there is an addition of new tests or requirements; or

d) there is a requirement.change that would lead to a failure of any of the tests.

5.2 | Test samples

Samples should.be drawn from production lots in accordance with accepted statistical meth

The

testqg A to-E-in sequence. New test cells and batteries are required for each of tests F to M.

humber(ofjtest samples is given in Table 1. The same test cells and batteries are use]

ods.
d for
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Table 1 — Number of test samples

n/a:

O
[ds)

-

w_T joi—|

hot applicable

bsult in a failure of any of the tests.
our batteries connected in series with one of the four batteries reyersed (5 sets).

wo CR-type batteries connected in series, one of which is 50% predischarged (5 sets). Undischarged
hall be sampled from the same production lot.

wo CR-type batteries connected in series, one of which\is fully discharged (5 sets). Undischarged cells
e sampled from the same production lot.

our FR-type batteries connected in series, one«ofiwhich is 50 % predischarged (5 sets). Undischarged
hall be sampled from the same production lot.

our FR-type batteries connected in series,(6ne of which is fully discharged (5 sets). Undischarged cells
e sampled from the same production lot-

ingle cell batteries containing one tested component cell do not require(restesting unless the change coy

Tests Discharge state Cells or single cell batteries? Multi-cell batteries
Undischarged 10 4
Tests Ato E
Fully discharged 10 4
Undischarged 5 5 component cells
Test For G
Fully discharged 5 5 component cells
TestH Fully discharged 10 10 component cells
Tests | to K Undischarged 5 5
Test L Undischarged 20b n/a
50 % predischarged CR 10¢ n/a
Fully discharged CR 1049 h/a
Test M
50 % predischarged FR 20¢€ n/a
Fully discharged FR 20f n/a
Key

d

cells

shall

cells

Ishall

6.1
6.1.1

Appl

Testing and requirements

General
Test application matrix

cability ©of,test methods to test cells and batteries is shown in Table 2.
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Table 2 — Test application matrix

Applicable tests
Form
A B Cc D E F G H | J K L M
s X x x X X x @ x2 X X X X x b x©
m X X X X X x&d | xad | xd X X X n/a n/a
Test description: Key:
Intended use tests Reasonably foreseeable misuse
tests Form
A: Altitude E: External short-circuit S: cell or single cell battery
B: Thermal cycling F: Impact .
C: Vibration G: Crush m: multi cell battery
D: Shock H: Forced discharge
I:  Abnormal charging Applicabilit
J: Free fall ppiicabiity
K: Thermal abuse X: applicable
L: Incorrect installation .
M: Overdischarge n/a: not applicable

2 (nly one test shall be applied, test F or test G.

nly applicable to CR17345, CR15H270, FR14505, FR10G445 and similar typebatteries of a spiral construgtion
at could be installed incorrectly and charged.

o
=0

nly applicable to CR17345, CR15H270, FR14505, FR10G445 and simildrtype batteries of a spiral construgtion
at could be overdischarged.

o
=0

a
—

est applies to the component cells.

6.1.2 Cautionary notice

WARNING: These tests call for the use«0f'procedures which can result in injury if adeqyate
precautions are not taken.

It has been assumed in the drafting of these tests that their executiof is
undertaken by _appropriately qualified and experienced technicians uging
adequate protection.

6.1.3 Ambient temperature

Unless otherwise\'specified, the tests shall be carried out at an ambient temperature of
20 °C + 5 °C,

6.1.4 Parameter measurement tolerances

The UVUIQ” atluravy Uf bUIItIU”Ud Ul |||caaU|cd va:uca, IU:atiVC tU thU DprifiUd Ul a.,tua|
parameters, shall be within the following tolerances:

a) 1% for voltage;

b) +1% for current;

c) £2°C for temperature;
d) £0,1% for time;

e) 1% for dimensions;
f £+1% for capacity.

These tolerances comprise the combined accuracy of the measuring instruments, the
measurement techniques used, and all other sources of error in the test procedure.
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6.1.5 Predischarge

Where a test requires predischarge, the test cells or batteries shall be discharged to the
respective depth of discharge on a resistive load with which the rated capacity is obtained or at
a current specified by the manufacturer.

6.1.6 Additional cells

Where additional cells are required to perform a test, they shall be of the same type and,
preferably, from the same production lot as the test cell.

6.2
6.2.1

A sh
orb
requ

6.2.2

Evaluation of test criteria
Short-circuit
brt-circuit is considered to have occurred during a test if the open circuit voltage of thg

httery immediately after the test is less than 90 % of its voltage prioryto the test.
rement is not applicable to test cells and batteries in fully discharged istates.

Excessive temperature rise

An excessive temperature rise is considered to have occurred during a test if the external

temg

6.2.3
Leal

othef

hand
limits

In or

wher
4

my

erature of the test cell or battery rises above 170 °C.

Leakage

age is considered to have occurred during a tes? if'there is visible escape of electroly

material from the test cell or battery, or the'loss of material (except battery ca
ling devices or labels) from the test cell o \battery such that the mass loss exceed
5 in Table 3.

der to quantify mass loss Am / m, thefollowing equation is provided:

- ™" 100 %
m

Am [ m

e
is the mass before a test;

is the mass‘after that test.

Table 3 — Mass loss limits

cell
This

case

te or
5ing,
b the

Mass of cell or battery Mass loss limit
0 AT
m<1g 0,5 %
1gsm<75¢g 0,2 %
m>75g 0,1 %

6.2.4 Venting

Venting is considered to have occurred if, during a test, an excessive build up of internal gas
pressure escapes from a cell or battery through a pressure relief feature designed for this
purpose. This gas may include entrapped materials.
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6.2.5 Fire

A fire is considered to have occurred if, during a test, flames are emitted from the test cell or
battery.

6.2.6 Rupture

A rupture is considered to have occurred if a cell container or battery case has mechanically
failed, resulting in expulsion of gas or spillage of liquids but not forcible ejection of solid
materials.

6.2.7 Explosion

An eixplosion is considered to have occurred if a cell container or battery case opens\wiolgntly
and solid components are forcibly ejected. During cell or component cell testing, €jectipn of
interpal components is acceptable. Energy of ejected components shall be limited: If requfired,
it mgy be measured as follows:

a) will not penetrate a wire mesh screen (annealed aluminium wite” with a diameter of

,25 mm and grid density of 6 to 7 wires per cm) placed 25 cm away from the cell; or

(]

b) I{ can be measured by a method demonstrated to be equivalent-to the one described ifp a).
6.3 | Tests and requirements — Overview

This|document provides safety tests for intended use (tests’A to D) and reasonably foresedable
misuse (tests E to M). Table 4 contains an overview of.the tests and requirements for intepded
use and reasonably foreseeable misuse.

Table 4 — Tests and requirements

Test number Designation Requirements
Intepded use tests A Altitude NL, NV, NC, NR, NE, NF
B Thermal cycling NL, NV, NC, NR, NE, NF
C Vibration NL, NV, NC, NR, NE, NF
D Shock NL, NV, NC, NR, NE, NF
Reagonably foreseeable misusé tests E External short-circuit NT, NR, NE, NF
F Impact NT, NE, NF
G Crush NT, NE, NF
H Forced discharge NE, NF
| Abnormal charging NE, NF
J Free fall NV, NE, NF
K Thermal abuse NE, NF
L Incorrect installation NE, NF
M Overdischarge NE, NF
Tests A through E shall be conducted in sequence on the same cell or battery.
Tests F and G are provided as alternatives. Only one of them shall be conducted.
Key
NC: No short-circuit NR: No rupture
NE: No explosion NT: No excessive temperature rise
NF: No fire NV: No venting
NL: No leakage
See 6.2 for a detailed description of the test criteria.
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6.4

Tests for intended use

6.4.1 Test A: Altitude

a)

b)

b)

Key

c)

Purpose
This test simulates air transport under low pressure conditions.
Test procedure

Test cells and batteries shall be stored at a pressure of 11,6 kPa or less for at least 6 h at
ambient temperature.

Requirements

here shall be no leakage, no venting, no short-circuit, no rupture, no explosion and n¢ fire
uring this test.

Test B: Thermal cycling
urpose

his test assesses cell and battery seal integrity and that of their.internal elecjrical
nnections. The test is conducted using temperature cycling.

est procedure

est cells and batteries shall be stored for at least 6 h at. altest temperature of 72 °C,
followed by storage for at least 6 h at a test temperature of'=40 °C. The maximum time for
transfer to each temperature shall be 30 min. Each test cell’and battery shall undergq this
rocedure 10 times. This is then followed by storage for at least 24 h at ampient
temperature.

or large cells and batteries the duration of exposure to the test temperatures shall e at
ast 12 h instead of 6 h.

Higure 1 shows a diagram of one of ten thermal cycles.
Tlhe test shall be conducted using the test cells and batteries previously subjected t¢ the
ltitude test.
#72 °C
[
/ \ /
/ \ /
/ \ /
/ \ 1
\ /
\ /
\ /
\ !
—40°C
12 I1 )‘2 )‘1
g . bl S o 1EC
30 min

6 h (12 h for large cells and batteries)
Figure 1 — Thermal cycling procedure

Requirements

There shall be no leakage, no venting, no short-circuit, no rupture, no explosion and no fire
during this test.
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6.4.3 Test C: Vibration

a) Purpose
This test simulates vibration during transport. The test condition is based on the range of
vibrations as given by ICAQO [2].
b) Test procedure
Test cells and batteries shall be firmly secured to the platform of the vibration machine
without distorting them and in such a manner as to faithfully transmit the vibration. Test cells
and batteries shall be subjected to sinusoidal vibration according to Table 5 which shows a
different upper acceleration amplitude for large batteries. This cycle shall be repeated
12-times-fora-total of 3-h-foreachof three mutua perpendicularmounting-positions-One
df the directions shall be perpendicular to the terminal face.
Tlhe test shall be conducted using the test cells and batteries previously subjected to the
thermal cycling test.
Table 5 — Vibration profile (sinusoidal)
Frequency range Amplitudes Duration of logarithmic Axis Number
sweep cycle of cyicles
From To (7 Hz - 200 Hz - 7 Hz)
, =7 Hz £ a,=1g, X 19
£ fs s =0,8 mm Y 19
16 _min
fs f, =200 Hz a, z 19
and back to f; =7 Hz Total 36
Key
S 4 lower and upper frequency
o f3 cross-over frequencies;
A =~ 17,62 Hz; and
f3 = 49,84 Hz, except for large batteries, where f, = 24,92 Hz
a,, ah acceleration amplitude; a,. 78'g,, except for large batteries, where a, = 2 g_
s displacement amplitude
NOTE 1 Vibration amplitude\'is the maximum absolute value of displacement or acceleration. For examp|e, a
displacement amplitude af 0,8 mm corresponds to a peak-to-peak displacement of 1,6 mm.
NOTE 2 g, =9,806%5m/s?
c) Requirements
Tlhete shall be no leakage, no venting, no short-circuit, no rupture, no explosion and n¢ fire
uring this test.

6.4.4 Test D: Shock

a)

b)

Purpose
This test simulates rough handling during transport.
Test procedure

Test cells and batteries shall be secured to the testing machine by means of a rigid mount
which will support all mounting surfaces of each test cell or battery. Each test cell or battery
shall be subjected to 3 shocks in each direction of three mutually perpendicular mounting
positions of the cell or battery for a total of 18 shocks. For each shock, the parameters given
in Table 6 shall be applied.
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Table 6 — Shock parameters

Waveform Peak acceleration | Pulse duration

Number of shocks
per half axis

Cells or batteries except large ones Half sine 150 g, 6 ms 3
Large cells or batteries Half sine 50 g, 11 ms 3
NOTE g, = 9,806 65 m/s?

" , . , ’ ’ T.4
i]: IEC 62281 may be used.

6.5

T
V

c) Requirements
T
d

ibration test.

here shall be no leakage, no venting, no short-circuit, no rupture, no explosion and n
uring this test.

Tests for reasonably foreseeable misuse

6.5.1 General

The
How

bver, they shall also be applied to batteries which@re not specified therein. For batt

not dpecified in IEC 60086-2, additional requirementstapply which are described in Annex

6.5.2
a) H
T

b) T
.

Test E: External short-circuit
urpose
his test simulates conditions resulting,in an external short-circuit.

est procedure

he test cell or battery shall be.stabilized at an external case temperature of 55 °C and
ubjected to a short-circuit condition with a total external resistance of less than 0,1

he test shall be conducted using the test cells and batteries previously subjected to the

p fire

test methods described hereafter were developed for-batteries specified in IEC 600$6-2.

pries
G.

then
Q at

5 °C. This short-circuit_cendition is continued for at least 1 h after the cell or bdttery

xternal case temperature’has returned to 55 °C.
or lithium primary batteries with a mass in excess of 12 kg, the test method of test T

IEC 62281 may bé used.

c)

he test sample.shall be observed for a further 6 h.

-5 in

he test shaltbe conducted using the test samples previously subjected to the shock test.

equirements

hete-shall be no excessive temperature rise, no rupture, no explosion and no fire d

this.test and within the 6 h of observation.

iring

6.5.3 Test F: Impact
a) Purpose

This test simulates mechanical abuse from an impact that can result in an internal short

C

ircuit.
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b) Test procedure

The impact test is applicable to cylindrical cells not less than 18 mm in diameter.

The test cell or component cell is placed on a flat smooth surface. A stainless steel bar
(type 316 or equivalent) with a diameter of 15,8 mm £ 0,1 mm and a length of at least 60 mm
or of the longest dimension of the cell, whichever is greater, is placed across the centre of
the test sample. A mass of 9,1 kg + 0,1 kg is dropped from a height of 61 cm £ 2,5 cm at
the intersection of the bar and the test sample in a controlled manner using a near
frictionless, vertical sliding track or channel with minimal drag on the falling mass. The
vertical track or channel used to guide the falling mass shall be oriented 90 degrees from
the horizontal supporting surface.

Tlhe test sample is to be impacted with its longitudinal axis parallel to the flat surfacg and
perpendicular to the longitudinal axis of the stainless steel bar lying across the cenfredf the
test sample (see Figure 2).

IEC

=

OTE The figure shows a flat smooth surfacey(1) and a stainless steel bar (2) which is placed across the ¢entre
f the test sample (3). A mass (4) is dropped’at the intersection in a controlled manner using a vertical dliding
hannel (5).

[elle]

Figure 2 — Example of a test set-up for the impact test

Hach test cell or component cell shall be subjected to one impact only.
Tlhe test sample shall\be observed for a further 6 h.

Tlhe test shall beconducted using test cells or component cells that have not been previgusly
slubjected to other tests.

c) Requirements
Tlhere shall be no excessive temperature rise, no explosion and no fire during this tes{ and
within the 6 h of observation.
6.5. FestG—Crush
a) Purpose
This test simulates mechanical abuse from a crush that can result in an internal short circuit.
b) Test procedure
The crush test is applicable to prismatic, flexible2, coin cells and cylindrical cells less than
18 mm in diameter.
A cell or component cell is to be crushed between two flat surfaces. The crushing is to be
gradual with a speed of approximately 1,5 cm/s at the first point of contact. The crushing is
to be continued until one of the three conditions below is reached:
2

The term “flexible cell” is used in this document in place of the term “pouch cell” which is used in [21]. It is also
used in place of the terms “cell with a laminate film case” and “laminate film cell”.
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1

) The applied force reaches 13 kN + 0,78 kN;

EXAMPLE: The force can be applied by a hydraulic ram with a 32 mm diameter piston until a pressure of
17 MPa is reached on the hydraulic ram.

2) The voltage of the cell drops by at least 100 mV; or

3) The cell is deformed by 50 % or more of its original thickness.

As soon as one of the above conditions has been obtained, the pressure shall be
released.

A prismatic or flexible cell shall be crushed by applying the force to the side with the
largest surface area. A coin cell shall be crushed by applying the force on its flat

=\

NOTEH
crush

c) R
T
W
6.5.5
a) H
T

b) T

surfaces. For cylindrical cells, the crush force shall be applied perpendicular {{q the
longitudinal axis. See Figure 3.

IEC IE(Q

Prismatic or flexible cell b) Coin cell c) Cylindrical cell

The figures show two flat surfaces (1 and 2) with batteries (3) of different shapes placed between thgm for
ng, using a piston (4).

Figure 3 — Examples of.a test set-up for the crush test

Each test cell or component celldgsto be subjected to one crush only.
The test sample shall be observed for a further 6 h.

The test shall be conducted using test cells or component cells that have not previgusly
been subjected to othertests.

equirements
here shall be no exeessive temperature rise, no explosion and no fire during this tes{ and
ithin the 6 h of-observation.

Test HiForced discharge
urpose
his test evaluates the ability of a cell to withstand a forced discharge condition.

estprocedure

Each cell shall be force discharged at ambient temperature by connecting it in series with a

1
d

2 V direct current power supply at an initial current equal to the maximum continuous
ischarge current specified by the manufacturer.

The specified discharge current is obtained by connecting a resistive load of appropriate
size and rating in series with the test cell and the direct current power supply. Each cell
shall be force discharged for a time interval equal to its rated capacity divided by the initial
test current.

This test shall be conducted with fully discharged test cells or component cells that have

n

ot previously been subjected to other tests.

c) Requirements

There shall be no explosion and no fire during this test and within 7 days after the test.
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Test I: Abnormal charging

a) Purpose

This test simulates the condition when a battery is fitted within a device and is exposed to
a reverse (charging) current from an external power supply, for example memory back-up
equipment with a defective diode (see 7.1.2). The test condition is based upon UL 1642

[1

9].

NOTE This test does not take into account the case where a battery is misused by inserting it into a battery
charger (inadvertent confusion with a rechargeable battery).

b) Test procedure

ach test baftery shall be subjecied to a charging current of three times the abndrmal
harging current I specified by the battery manufacturer by connecting it in opposition to a
C power supply. Unless the power supply allows for setting the current, the ,spegified
harging current shall be obtained by connecting a resistor of the appropriate size and rating
inm series with the battery.
Tlhe test duration shall be calculated using the formula:
t4=25xC,/(3x1,)
where
ty is the test duration. In order to expedite the test, it is’permitted to adjust the| test
parameters such that 7y does not exceed 7 days;
d,, is the nominal capacity declared by the manufacturer;
I} is the abnormal charging current declared by<the manufacturer for this test.
c) Requirements
Tlhere shall be no explosion and no fire during this test.
6.5.7 Test J: Free fall
a) Hurpose
Tlhis test simulates the situation"when a battery is accidentally dropped. The test condition
i$ based upon IEC 60068-2£31 [7].
b) Tlest procedure
Tlhe test batteries shall be dropped from a height of 1 m onto a concrete surface. EacH test
battery shall be, dropped six times, a prismatic battery once from each of its six faces, a
round battery twice in each of the three axes shown in Figure 4a). The test batteries ghall
be stored forxdvh afterwards.
NOTE Theterm "prismatic" is used assuming that the battery shape can be fitted to a rectangular paralleldpiped
ap shown.in Figure 4b).
Thetest shall be conducted with undischarged test cells and batteries.
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6.5.8 Test K: Thermal abuse

b)

b)

.5.9 Test L: Incorrect installation

\Z

AN
\/

IEC

a) Round cell or battery b) Prismatic cell or battery

Figure 4 — Axes for free fall

Requirements

Tlhere shall be no venting, no explosion and no fire during thistest and within the 1
gbservation.

Hurpose

Tlhis test simulates the condition when a battery is exposed to an extremely
bmperature.

est procedure

t

T

A test battery shall be placed in an oven.afd the temperature raised at a rate of 5 °C/m
g temperature of 130 °C at which the battery shall remain for 10 min.

Requirements

T

here shall be no explosion and-no fire during this test.

urpose

A
Tlhis test simulates the condition when one single cell battery in a set is reversed.

OTE Primary batteries are not designed to be charged. However, reversed installation of a battery in a
f three or more, as well as insertion into a battery charger, exposes the battery to a charging condition. Alt

ylindrical batteries are designed to relieve excessive internal pressure, in some instances an explosion
pt be precluded.

est precedure
test-battery is connected in series with three undischarged additional single cell batt

> —4 5 0o =z

h of

high

in to

beries
ough
might

Bries

cted

f the same brand and type in such a way that the terminals of the test battery are conne
in reverse. The resistance of the interconnecting circuit shall be no greater than 0,1 Q.

The

circuit shall be completed for 24 h or until the battery case temperature has returned to

ambient (see Figure 5).
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Key
B, Test cell
B2...E4 Additional cells, undischarged
Figure 5 — Circuit diagram for incorrect installation
c) Requirements

6.5.10 Test M: Overdischarge

a)

b)

Tlhere shall be no explosion and no fire during this test.

Hurpose

ries with other undischarged single cell batteries. The\test further simulates the us
atteries in motor powered appliances or high intensity lighting applications wher
eneral, currents up to 1 A are required.

OTE CR17345, CR15H270, FR14505 and FR10G445 batteries are widely used in motor powered appli
of high intensity lighting applications where currents up\te 1 A are required. The current for non standa
bptteries might be different.

est procedure

ach test battery shall be predischarged to 50 % depth of discharge. A CR-type battery
then be connected in series with ongaundischarged additional single cell battery of the {
type. An FR-type battery shall be~connected in series with three undischarged addit
ingle cell batteries of the same type.

H and » are taken from Table 7.

gmbient.
Tlhe test shall be.repeated with fully discharged test batteries.

Table 7 — Resistive load for overdischarge

Tlhis test simulates the condition when one discharged singlé cell battery is connect¢d in

be of
B, in

Bnces
dized

shall
ame
onal

A resistive load R is connected in series with the assembly of n batteries in Figure 6 where

The test shall be continued for 24 h or until the battery case temperature has returng¢d to

Batfery type | Total number of single cell batteries in the assembly | End-point voltage | Resistive load
n Vv R
Q
CR17345
2 1,8
CR15H270
3,60
FR14505
4 0,9
FR10G445

R=2x18V/1A

NOTE Table to be modified or expanded when additional batteries of a spiral construction are standardized.

EXAMPLE The resistive load R for CR17345 and CR15H270 batteries was determined from the end-point voltage
of each cell under the high intensity lighting test and the total number of cells in the test assembly in Figure 6 using
the formula
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When a report is issued, the following list of items should be considered:

a) name and address of the test facility;

b) name and address of applicant (where appropriate);

c) a unique test report identification;

d) the date of the test report;

‘I|+ ‘I|+ ‘I|+ ‘I|+
| IR
B4 B,..B,
| —
L T
R IEC
Key
B1 TUD‘[ IL‘ld‘l‘lvly, GG AO plUdibb;ldlgUU‘ dlld, iII DUpdld‘lC ‘lvbi.b, Irl.l“y u'iauilalgcu'
Bz--- Bn Additional batteries, undischarged. The number of additional batteries is n-1
R Resistive load
Figure 6 — Circuit diagram for overdischarge
c) Requirements
Tlhere shall be no explosion and no fire during this test.
6.6 | Information to be given in the relevant specification
Wheh this document is referred to in a relevant specification;\the parameters given in Table 8
shallf be given in so far as they are applicable:
Table 8 — Parameters to‘be specified
Item Parameters Subclaupe
a) Predischarge current or resistive load and end-pgint voltage specified by the 6.1.5
manufacturer
b) Method to measure the energy of an explgsion, if any. 6.2.7
c) Shape: prismatic, flexible, coin or cylindrical; 6.5.3 and
Diameter: less than 18 mm or not less than 18 mm. 6.5.4
d) Maximum continuous dischargelcurrent specified by the manufacturer for test H 6.5.5
NOTE 1 Forced dischardge of a cell can occur when it is connected in series with other
cells and when it is not protected with a bypass diode.
e) Rated capacity specified by the manufacturer for test H 6.5.5
f) Abnormal charging current declared by the manufacturer for test | 6.5.6
NOTE 2 _Abnrormal charging of a cell can occur when it is connected in series with other
cells and\one cell is reversed or when it is connected in parallel with a power supply and
the protective devices do not operate correctly.
9) Nominal capacity specified by the manufacturer 6.5.6
h) Normal reverse current declared by the manufacturer which can be applied to the 7.1.2
battery during its operating life
NOTE 3 Normal reverse current flow through a cell can occur when it is connected in
parallel with a power supply and the protective devices are operating properly.
6.7 Evaluation and report
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e) design characteristics of the test cells or batteries according to 4.1;

f) test descriptions and results, including the parameters according to 6.6;

g) type of the test sample(s): cell, component cell, battery or battery assembly;

h) weight of the test sample(s);

i) lithium content of the sample(s);

j) a signature with name and status of the signatory.

It is not necessary to issue a new report unless new type testing is required, see 5.1.

7.1
7.1.1

See

7.1.2

Whe

nformation for safety

Safety precautions during design of equipment
General

also Annex B for guidelines for designers of equipment using lithium_batteries.

Charge protection

h incorporating a primary lithium battery into a circuit pewered by an independent

main

power source, protective devices shall be used in order to prevent charging the primary battery

from

a) ¢
b) t
c) ¢
g

prov

the main power source, for example:

blocking diode and a current limiting resistor (sée)Figure 7a);
o series blocking diodes (see Figure 7b);

ircuits with a similar blocking function based on two or more independent prote
evices;

lithium battery to the normal reverse current specified by the manufacturer which can be ap

to th
the
and
least
fails

e battery during its operating life, while the second protective device is capable of lin
harging current to the abnarmial charging current specified by the battery manufac
used for conduction of test.l, Abnormal charging. The circuit shall be so designed th
one of these protectiveldevices remains operational when any one component of the ¢

Et RAM RAM

\'4

ctive

ded that the first protective device s capable of limiting the charging current through the

blied
iting
furer
at at
rcuit

+ +

T IEC IEC

a) Diode and resistor b) Two diodes

Figure 7 — Examples of wiring for charge protection

7.1.3 Parallel connection

Parallel connection should be avoided when designing battery compartments. However, if

requ

ired, the battery manufacturer shall be contacted for advice.
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7.2

Precautions during handling of batteries

When used correctly, lithium batteries provide a safe and dependable source of power.
However, if they are misused or abused, leakage, venting or, in extreme cases, explosion and/or
fire can result.

a) Keep batteries out of the reach of children

In particular, keep batteries which are considered swallowable out of the reach of children,
particularly those batteries fitting within the limits of the ingestion gauge as defined in Figure 8.
In case of ingestion of a cell or battery, seek medical assistance promptly. Swallowing coin cells
or b : . ) ; .

cauje death. They need to be removed immediately if swallowed. See Figure 9 for an exa

of af

propriate warning text.

Warning text similar to Figure 9 may be used for safety information about battery, 'handling

caut
Clau

NOTH
childr|

NOTH

[SOU

se 9.

bn before use.

2 Refer to [13] for general information on hazards from batteries.

RCE: ISO 8124-1 [18]]

Figure 8 — Ingestion gauge

1 Child-resistant packaging according to Annex E is intended to help keep-coin cells out of the rea

Dimensions in millin

| /A  WARNING
KEEP OUT OF REACH OF CHILDREN

Swallowing can fead to chemical burns,
perforation of soft tissue, and death.
Severe burns can occur within 2 hours of
ingestion. Seek medical attention
immediately.

can
mple

For

onary advice and symbols to be printed on batteries and battery packaging refér to

ch of

etres

NOTE This product safety label is compliant with [16].

IEC

Figure 9 — Example for warning against swallowing, particularly coin cell batteries

b) Do not allow children to replace batteries without adult supervision

c) Always insert batteries correctly with regard to polarity (+ and —) marked on the battery and
the equipment


https://iecnorm.com/api/?name=74497ef0137850458435d5230114f93a

- 28 — IEC 60086-4:2025 © |IEC 2025

When batteries are inserted in reverse they might be short-circuited or charged. This can cause
overheating, leakage, venting, rupture, explosion, fire and personal injury.

d) Do not short-circuit batteries

When the positive (+) and negative (-) terminals of a battery are in electrical contact with each
other, the battery becomes short-circuited. For example loose batteries in a pocket with keys
or coins, can be short-circuited. This can result in venting, leakage, explosion, fire and personal
injury.

e) Do not charge batteries

Atter|r1pting to charge a non-rechargeable (primary) battery can cause internal gas and/or|heat
gendration resulting in leakage, venting, explosion, fire and personal injury.

f) Do not force discharge batteries

Wheh batteries are force discharged by means of an external power source(the voltage oll( the
battgry will be forced below its design capability and gases will be generated. inside the baftery.
This|can result in leakage, venting, explosion, fire and personal injury.

g) Do not mix new and used batteries or batteries of different typeS or brands

Wheh replacing batteries, replace all of them at the same time \with new batteries of the §ame
brand and type. When batteries of different brand or type are‘dsed together or new and lsed
battgries are used together, some batteries might be over-discharged / force discharged dtye to
a difference of voltage or capacity. This can result in leakage, venting, explosion or fire| and
can tause personal injury.

h) Hxhausted batteries should be immediately removed from equipment and properly disppsed
af

Wheh discharged batteries are kept in the equipment for a long time, electrolyte leakagg can
occur causing damage to the equipment;and/or personal injury.

i) Do not heat batteries

Wheh a battery is exposed to heat, leakage, venting, explosion or fire can occur and chuse
perspnal injury.

j) Do not weld or solderdirectly to batteries

The heat from welding or soldering directly to a battery can cause leakage, venting, explgsion
or fine, and can eause personal injury.

k) Do not dismantle batteries

Wheh a battery is dismantled or taken apart, contact with the components can be harmful and
can ¢ause personal injury or fire.

1) Do not deform batteries

Batteries should not be crushed, punctured, or otherwise mutilated. Such abuse can cause
leakage, venting, explosion or fire, and can cause personal injury.

m) Do not dispose of batteries in fire

When batteries are disposed of in fire, the heat build-up can cause explosion and/or fire and
personal injury. Do not incinerate batteries except for approved disposal in a controlled
incinerator.
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n) A lithium battery with a damaged container should not be exposed to water

Lithium metal in contact with water can produce hydrogen gas, fire, explosion and/or cause
personal injury.

o) Do not encapsulate and/or modify batteries

Encapsulation or any other modification to a battery can result in blockage of the pressure relief
mechanism(s) and subsequent explosion and personal injury. Advice from the battery
manufacturer should be sought if it is considered necessary to make any modification.

p) Store unused batteries in their original packaging away from metal objects. If already
41npacked, do not mix or jumble batteries
Unp

cked batteries could get jumbled or get mixed with metal objects such as keys{coins| etc.
This|can cause battery short-circuiting which can result in leakage, venting, explesion or fire,
and personal injury. One of the best ways to prevent this from happening isto/store unpised
battgries in their original packaging.

q) Remove batteries from equipment if it is not to be used for an extendéegiperiod of time ufless
il is for emergency purposes

It is|advantageous to remove batteries immediately from equipment which has ceasdd to
function satisfactorily, or when a long period of disuse is anticipated (e.g. camcorders, djgital
cameras, photoflash, etc.). Although most lithium batteries ohthe market today are highly|leak
residtant, a battery that has been partially or completely exhausted might be more prone tojleak
than|one that is unused.

7.3 | Additional information for safety of coin-cells

Addifional information for safety of coin cells s, provided by consumer safety organisatiorls as
well ps battery manufacturers’ associations<'\When searching for such information, it should be
notefl that the term "coin cell" is not used in most languages other than English, and the
distinction between a cell and a battery'ds often not made in the literature. Therefore, the fterm
"lithibm button cell" has been proposéd as an alternative to the term "coin cell" and the terms
"coin battery" and "lithium button battery" have been proposed as alternatives to the terms fcoin
cell"|and "lithium button cell". Theterms "coin cell" and "coin battery” are only used in English.
In lapguages other than Engtish, the term "lithium button cell" is used instead of the term [coin
cell"land the term "lithium button battery" is used instead of the term “coin battery”.

7.4 | Packaging

The packaging. shall be adequate to avoid mechanical damage during transport, handling and
stacking. The-materials and packaging design shall be chosen so as to prevent the developent
of unintentional electrical contact, short-circuit, shifting and corrosion of the terminals,| and
afford some protection from the environment.

7.5 ~—Handling of battery cartons

Battery cartons should be handled with care. Rough handling might result in batteries being
short-circuited or damaged. This can cause leakage, explosion, or fire.

7.6 Transport
7.6.1 General

Regulations concerning international transport of lithium batteries are based on the UN
Recommendations on the Transport of Dangerous Goods [20].

Regulations for transport are subject to change. For the transport of lithium batteries, the latest
editions of the following regulations should be consulted.
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Testing requirements are defined in the UN Manual of Tests and Criteria [21]. As regulations
are subject to change, the latest editions should be consulted.

For reference, transportation tests are also given in IEC 62281.

7.6.2 Air transport

Regulations concerning air transport of lithium batteries are specified in the Technical
Instructions for the Safe Transport of Dangerous Goods by Air published by the International
Civil Aviation Organization (ICAO) [2] and in the Dangerous Goods Regulations published by

the |

7.6.3 Sea transport

Regulations concerning sea transport of lithium batteries are specified in thevinternat
Maritime Dangerous Goods (IMDG) Code published by the International Maritime’Organiz
(IMQ) [12].

7.6.4 Land transport

nternational Air Transport Association (IATA) [1].

onal
btion

Reglilations concerning road and railroad transport are specifiedlon” a national or multilateral

basi
reco

7.7
a) S

High
surfg

b) 0

If tog

electrolyte leakage can occur.

c) A
r

Whe
corrd

d) S

Whe

5. While an increasing number of regulators adopt the UN jModel Regulations [20],
mmended that country-specific transport regulations be cansulted before shipping.

Display and storage

tore batteries in well ventilated, dry and cool conditions

ce corrosion.

o not stack battery cartons on top ofieach other exceeding a specified height
many battery cartons are stackéd, batteries in the lowest cartons might be deformed
void storing or displaying~batteries in direct sun or in places where they get exposg
bin

h batteries get wet their insulation resistance might be impaired and self-discharge
sion can occur. Fteat can cause deterioration.

tore and display batteries in their original packaging

h batteries are unpacked and mixed they can be short-circuited or damaged.

See

it is

temperature or high humidity can cause déterioration of the battery performance afd/or

and

bd to

and

Annex C for additional details.

7.8

Disposal

Batteries may be disposed of via communal refuse arrangements provided no local rules to the
contrary exist.

During transport, storage and handling for disposal, the following precautions should be

cons

idered:

a) Do not dismantle batteries

Some ingredients of lithium batteries might be flammable or harmful. They can cause injuries,
fire, rupture or explosion.
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b) Do not dispose of batteries in fire except under conditions of approved and controlled

incineration

Lithium burns violently. Lithium batteries can explode in a fire. Combustion products from lithium
batteries can be toxic and corrosive.

c) Store collected batteries in a clean and dry environment out of direct sunlight and away from

extreme heat

Dirt and wetness might cause short-circuits and heat. Heat might cause leakage of flammable
gas. This can result in fire, rupture or explosion.

d)

Used batteries might contain a residual charge. If they are short-circuited, abnormally chj)rged

Store collected batteries in a well-ventilated area

or foyce discharged, leakage of flammable gas might be caused. This can result if-fire, ru
or explosion.

e)

Useq

Do not mix collected batteries with other materials

forcq discharged, the generated heat can ignite flammable wastes Such as oily rags, pap
wood and cause a fire.

f)

Rrotect battery terminals

Protection of terminals should be considered by providing insulation, particularly for t
battgries with a high voltage. Unprotected terminals)might cause short-circuits, abng
charging and forced discharge. This can result in leakage, fire, rupture or explosion.

9

9.1

nstructions for use
Always select the correct size and:type of battery most suitable for the intended
Ihformation provided with the equipment to assist correct battery selection shoul
retained for reference.
Replace all batteries of a setlat the same time.
d/ean the battery contagtsand also those of the equipment prior to battery installation
Bnsure that the batteries are installed correctly with regard to polarity (+ and —).
Remove exhaustéd batteries promptly.

Marking and packaging

General

ture

batteries might contain residual charge. If they are short-circuited;-abnormally charg¢d or

er or

hose
rmal

use.
o be

In ggneral, batteries shall be marked with the following information:

a)
b)

c)
d)
e)
f)

designation, IEC or common;

expiration of a recommended usage period or year and month or week of manufacture.
year and month or week of manufacture may be in code;

polarity of the positive (+) terminal,;
nominal voltage;
name or trademark of the manufacturer or supplier;

cautionary advice.

The
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9.2 Marking of batteries too small to accommodate all markings

Some batteries have a surface too small to accommodate all markings shown in 9.1. For these
batteries the designation 9.1 a) and the polarity 9.1 c) shall be marked on the battery, while all
other markings shown in 9.1 may be given on the immediate packaging instead of on the battery.

See Table 9 for a summary of the marking requirements.

9.3 Additional requirements for swallowable coin cells and batteries

For swallowable coin cells and batteries, i.e. those that fit entirely within the ingestion gauge

(Figyre 8), that are intended for direct sale in consumer replaceable applications, cautio

ingesgtion shall also be marked on the immediate packaging:

a) daution for ingestion of swallowable batteries, see also 7.2 a) and Annex F.

Swallowable coin cells and batteries that are intended for direct sale in consumer replace

applications and have a diameter of 16 mm or more shall be packaged in:

b) dhild resistant packaging.

Refer to Table 10 for a summary of the additional marking and{packaging requirement

swallowable coin cells and batteries.

Table 9 — Marking requirements

n for

able

5 for

List item General | Batteries too small
to accommodate
all markings

a) Designation, IEC or common A A
b) Expiration of a recommended usage period or year and month or week of

) A B
manufacture. The year and month or week of manufacture may be in code

c) PRolarity of the positive (+) terminal A A

d) INominal voltage A B

e) WName or trademark of the manufaciurer or supplier A B

f) Qautionary advice A B

A: Shall be marked-en the battery

B: May be marked on the immediate packaging instead of on the battery
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Table 10 — Additional marking and packaging requirements

3 -

for swallowable coin cells and batteries

List item Swallowable coin cells and batteries
d<16 mm 16 mm £ d <20 mm d 220 mm
a) Caution for ingestion of swallowable batteries, P A and P A and P
see also 7.2 a) and Annex F
b) Child resistant packaging NR R R

Key:
d: Drameter
A: Shall be marked on the battery
P: Shall be marked on the immediate packaging
R: Required
NR: Not required
NOTE 1 The requirements in this table apply only when batteries are intended for. direct sale in consymer
repl@ceable applications (see 9.3).
NOTE 2 The table does not include cylindrical cells and batteries because — although they may be swallowjable
— théy would pass the oesophagus without causing harm.
9.4 | Safety pictograms

Safety pictograms that could be considered for use ag)an alternative to written cautionary advice

are

rovided in Annex D.
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Guidelines for the achievement of safety of lithium batteries

The guidelines given in Figure A.1 were followed during the development of high power batteries

for consumer use. They are given here for information.

Preventabnormal temperature rise of

Design

!

Pilot
roduction

the battery by incorporating a current
limitation

Provide intrinsic current limitation

Prevent explosion of the battery by'a
means to release internal pressure‘e’g.

EXAMPLE

temperature increase in the lithium battéry]
The designer should make sure that the
current drain is controlled by designxOne
method that has been used successfully i
incorporation of a resettable-PT.C which

activates rapidly when the battéry is exposLed

to a current drain exceeding’its design crit:

In the design of\the battery, the designer
should make sure that the current flow is
limited if the’battery temperature rises abo|
its design criteria. One method that has bg

—

he

ria.

ve
en

used successfully is to incorporate a sepafator

system whose ability to pass current is
significantly reduced with excess tempera

Lithium batteries are tightly sealed to prev:

ure.

ent

leakage. Therefore, the design of the battgry

Mass
production

nspection

_|

when temperature rises excessively should provide a method to release excessgive
internal pressure. This should occur at a
temperature range consistent with the
battery's design criteria.
Confirm that actual batteries can be . .
: ) . Establish necessary precautions
produced aceording to design quality
Mass production of batteries Request equipment manufacturers tg
according to design quality carefully observe the precautions
Reject defects in the production Make this information available to
process end users
Confirm that batteries meet design
quality
Reject defects by the inspection | EC

Figure A.1 — Battery design guidelines
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Annex B
(informative)

Guidelines for designers of equipment using lithium batteries

Table B.1 represents a typical, but non-exhaustive, list of good advice to be provided by the
manufacturer of primary lithium cells and batteries to equipment manufacturers and battery
assemblers (see also IEC 60086-5:2021, Annex B ([8]), for guidelines for the design of battery

compartments).

Table B.1 — Equipment design guidelines

Item

Sub-item

Recommendations

Possible consequeéences if the
recommendations are nqt
obsérved

(1) When a lithium
battgry is used as
main| power source

(1.1) Selection of a
suitable battery

Select most suitable battery for
the equipment, taking note of its
electrical characteristics

Battery might oyerheat

(1.2) Number of
batteries (series
connection or
parallel®
connection) to be
used and method of
use

a) Multicell batteries (2CR5,
CR-P2, 2CR13252 and others);
one piece only

b) Cylindrical batteries (CR17345
and others); no more than two
pieces

c) Coin type batteries(CR2016,
CR2025, CR11108%and others);
no more than twoipieces

d) When moreithan one battery is
used, different types should not
be usedin’the same battery
compartment

If the'capacity of batteries in
series connection is different,
battery with the lower capacit
will be overdischarged. This dan
result in electrolyte leakage,
overheating, rupture, explosiqn or
fire

—

he

e)When batteries are used in
parallel® protection against
charging should be provided

If the voltages of batteries in
parallel connection are differdnt,
the battery with the lower voltfage
will become charged. This ca
result in electrolyte leakage, ¢ver-
heating, rupture, explosion or|fire

(1.3) Design of
battery Circuit

a) Battery circuit should be
isolated from any other power
source

Battery might be charged. This
can result in electrolyte leakape,

overheating, rupture, explosign or
fire

b) Protective devices such as
fuses should be incorporated in
the circuit

Short-circuiting a battery can
result in electrolyte leakage, ¢ver-
heating, rupture, explosion or|fire

(2) When @ lithium
battqry is used as
backfup power

(2.1) Design of
battery circuit

The battery should be used in a
separate circuit so that it is not
force discharged or charged by

Battery might be over-discharged
to reverse polarity or charged
This can result in electrolyte

source

e mailn power source

feakage, overneating, Tupture,
explosion or fire

(2.2) Design of
battery circuit for
memory back-up
application

When a battery is connected to
the circuit of a main power source
with the possibility of being
charged, a protective circuit is
necessary with a combination of
diode and resistor. The
accumulated amount of the
leakage current of the diode
should be below 2 % of the
battery capacity during expected
life time

Battery might be charged. This
can result in electrolyte leakage,
overheating, rupture, explosion or
fire
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Item Sub-item

Recommendations

Possible consequences if the
recommendations are not
observed

(3) Battery holder and battery
compartment

a) Battery compartments should
be designed so that if a battery
is reversed, open circuit is
achieved. Battery
compartments should be
clearly and permanently
marked to show the correct
orientation of batteries

Unless protection is provided
against battery reversal, damage
to equipment can occur from
resultant electrolyte leakage,
overheating, rupture, explosion or
fire

b) Battery compartments should

Equipment might be damaged or

bU dco;yllcd U that battcl;co
other than the specified size
cannot be inserted and make
contact

el " "
gt ot opeTate

c) Battery compartments should
be designed to allow generated
gases to escape

d) Battery compartments should
be designed to be water proof

e) Battery compartments should
be designed to be explosion
proof when tightly sealed

Battery compartments might he
damaged when-internal presspure
of the battery becomes too high

due to gastgeneration

f) Battery compartments should
be isolated from heat
generated by the equipment

Battery might be deformed and
leak electrolyte due to excesdive
heat

g) Battery compartments should
be designed so that'they
cannot easily be opened by
children

Children might remove batteries
from the compartment and
swallow them

(4) Jontacts and terminals

a) Material.and shape of contacts
and termihals should be
selected so that effective
electric contact is maintained

Heat might generate at the
contact due to insufficient
connection

b)Auxiliary circuit should be
designed to prevent reverse
installation of batteries

Equipment might be damaged or
might not operate

c) Contact and terminal should be
designed to prevent reverse
installation of batteries

Equipment might be damaged.
Battery might cause electroly
leakage, overheating, rupture
explosion or fire

[¢)

d) Direct soldering or welding to a
battery should be avoided

Battery might leak, overheat,
rupture, explode or catch fire
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Possible consequences if

the

Item Sub-item Recommendations recommendations are not
observed
(5) Indication of (5.1) On the a) Orientation of batteries When a battery is inserted
necessary equipment (polarity) should be clearly reverse and charged, it can result

precautions

indicated at the battery
compartment

in electrolyte leakage, over-

heating, rupture, explosion or fire

b) The graphical symbol accord-

ing to IEC 60417-5639 (2002-
10) "rechargeable battery" [26]
should be applied on battery
chargers close to the battery

When non-rechargeable batteries
are inserted in battery chargers,

an explosion risk exists.

UUIII}JGItIIIUIIt QU do tU ;Ild;batc
that only rechargeable
batteries shall be inserted.

(5.2) In the
instruction manual

a) Precautions for the proper

handling of batteries should be
indicated

Batteries might be mishandle
and cause accidents

b) The graphical symbol

according to IEC 60417-5639
(2002-10) "rechargeable
battery" [26] should be shown
and explained in the instruction
manuals of battery chargers so
as to indicate that only
rechargeable batteries shalldbe
inserted.

When non-rechargeable batteries

are inserted"in battery charge]

I's,

an expl@sion risk exists. Battgries

marked as "non-rechargeablef

shall*not be inserted.

c) Instruction manuals generally

should follow the prin€iples
layed down in [27}.

2 dee 7.1.3.
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Annex C
(informative)

Additional information on display and storage

This Annex C provides additional details concerning display and storage of lithium batteries to
those already given in 7.7.

The storage area should be clean, cool, dry, ventilated and weatherproof.

For

exceled +30 °C. Extremes of humidity (over 95 % and below 40 % relative humidity
sustained periods should be avoided since they are detrimental to both batteries and\packa

Batt

Althg
lowe|
encl
be r
amb

Battg¢ries which have been cold-stored may be put into use after return to ambient tempera

ormal storage, the temperature should be between +10 °C and +25 °C and should\n

ries should therefore not be stored next to radiators or boilers nor in direct-sunlight.

r temperatures provided that special precautions are taken. The-/batteries shoul
bsed in special protective packaging (such as sealed plastic bags-ofvariants) which sHh
ptained to protect the batteries from condensation during the(time they are warmir
ent temperature. Accelerated warming is harmful.

ever
for
jing.

ugh the storage life of batteries at room temperature is excellent, storage is improved at

] be
ould
g to

ture.

Batt¢ries may be stored fitted in equipment or packaging, if determined suitable by the battery

man

The
pack
3m

The
Thug
unve

Batt¢ries should be dispatched promptly after manufacture and in rotation to distribution ce

and
area

ifacturer.

height to which batteries may be stacked“is clearly dependent on the strength o

or wooden cases.

nbove recommendations are equally valid for storage conditions during prolonged trg
, batteries should be stored“away from ship engines and not left for long perioq
ntilated metal box cars (containers) during summer.

on to the users. Invorder that stock rotation (first in, first out) can be practised, stg
5 and displays should be properly designed and packs adequately marked.

the

aging. As a general rule, this height should not exceed 1,5 m for cardboard packaging or

nsit.
s in

ntres
rage
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Annex D
(informative)

Safety pictograms

D.1 General

Cautionary advice to fulfil the marking requirements in this document has, on a historical basis,
been in the form of written text. In recent years, there has been a growing trend toward the use
of pigtogrants—asa complementary or attermative means of productsafety commmmumicatior:

The pbjectives of this Annex D are: (1) to establish uniform pictogram recommendations| that
are [ied to long-used and specific written text, (2) to minimize the proliferation of sgafety
pictdgram designs, and (3) to lay the foundation for the use of safety pictogtams instead of
writtgn text to communicate product safety and cautionary statements.

NOTH The design of these safety pictograms basically follows the design principles-aid down in [15] and [[I7]. It
was, however, adjusted to the limitations existing for battery marking.

D.2| Pictograms
The pictogram recommendations and cautionary advice arg given in Table D.1.

Table D.1 — Safety pictograms

Reférence Safety pictogram Cautionary advice

DQNOT CHARGE

B DO NOT DEFORM OR DAMAGE
C DO NOT DISPOSE OF IN FIRE
D DO NOT INSERT INCORRECTLY



https://iecnorm.com/api/?name=74497ef0137850458435d5230114f93a

—-40 - IEC 60086-4:2025 © |IEC 2025

Reference Safety pictogram Cautionary advice

E KEEP OUT OF REACH OF CHILDREN

NOTE 1 See 7.2a) for critical safety information.

NOTE 2 This pictogram is taken from ISO 7010-M055 (2020-
11) [17], modified — arrow removed. The blue colour and the
arrow of the ISO safety sign are not required.

NOTE 3 See also Annex F.

F DO NOT MIX DIFFERENT TYPES OR BRANDS
G DO NOT MIX NEW AND USED
H DO NOT OPEN OR DISMANTLE

DO NOT\SHORT CIRCUIT

INSERT CORRECTLY

\\ .

NOT|[E The grey<shading highlights a white margin appearing when the pictogram is printed on coloured or bjack
bacKground.

D.3 Instruction for use

The following instructions are provided for use of the safety pictograms.

a) Safety pictograms should be clearly legible. With the exception of pictogram E, they should
have a diameter of 5 mm or larger.

b) Whilst colours are permitted, they should not detract from the information displayed. If
colours are used, the circle and diagonal bar of pictograms A to D and F to | should be red
and the background of pictograms E and J should be blue.

c) Not all of the safety pictograms need to be used together for a particular type or brand of
battery. In particular, safety pictograms D and J are meant as alternatives for a similar
purpose.
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Annex E
(normative)

Child resistant packaging of coin cells

General

Accidental ingestion of coin cells has become an object of public concern. When a coin cell
gets

NOTH
burns
monit

This
prev

natig
pack

E.2

The

0

a)

—

b) N
E

E.3

E.3.]

The
ina

dnother cell containment is removed from the packaging.

stuck in the oesophagus, its battery voltage causes the electrolysis of water and the

e chemical burns, perforation of soft tissue, and in severe cases can cause death;

Accidental ingestion of coin batteries with a diameter of less than 16 mm is unlikely to causeserious chg
as they naturally pass through the oesophagus and gastrointestinal tract. It is established medical prac
br them until they get past the oesophagus and then allow them to naturally pass through'the“digestive t

annex provides an approach for child resistant packaging of coin cells¢in order to hg
enting their accidental ingestion. This annex is not intended tohsSupersede establi
nal and international standards utilizing child panel package resistance testing,
aging requirements as specified in any of [23], [24], or [25].

Applicability

following applies to consumer type coin cells with'a 'diameter of 16 mm and larger.

ingle cell packaging

he packaging for coin cells shall meet ong of the following conditions:
Packaging requirements specified intany of [23], [24], or [25];
or

The packaging strength shall.be such that the packaging passes the tests describ
E.3.

lulti-cell packaging
ach cell containment.in-a multi-cell packaging shall be in compliance with a) even

Packaging tests

General

following test methods were developed based on the analysis of the behaviour of chi
estWhere they were required to try and open coin cell packaging within a limited time

can

mical
ice to
act.

Ip in
shed
e.g.

pd in

vhen

dren
The

tests shall be conducied by an insirucied person or, alternafively, iIf necessary, using sui

equipment.

able
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E.3.2 Test items
a) Bending test

Hold the packaging with the fingers of one hand and hold the cell with the fingers of the
other hand. Bend the packaging close to the battery until one hand touches the other hand
as shown in Figure E.1. The bending angle should be minimum 150°.

N

RN
Minimum 150° S

Minimum 150°

IEC

Figure E.1 — Bending test

b) Tlorsion test

Hold the packaging with the fingers of one hand on each of its shorter sides and twist it
diagonally with a torsion angle of 45° £ 5° in opposite directions;as shown in Figure|E.2,
three times in both directions:

Step 1 Hold the packaging with the fingers of one handfen each of its shorter sides [from
the state of 0 degrees (neutral state without ‘torsion). Twist it diagonally wjth a
torsion angle of 45° in opposite directions as shown in Figure E.2.

tep 2 Twist it diagonally 90° (45° back and 452 opposite direction) in opposite direcfions
to the direction twisted at the first time.

n

n

tep 3 Return to neutral state without torsion’(45° back).

45°
45°

NOTH The red-and blue lines represent the top and bottom edge of the packaging.

IEC

Figure E.2 — Torsion test

c) earing test

Try to tear the cell compartment with the fingers as shown in Figure E.3. Alternatively use
suitable equipment and apply a force of at least 25 N.

IEC

Figure E.3 — Tearing test
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d) Pushing test

Try to push the cell out of the compartment with the fingers. Alternatively pull with a mass
of at least 5 kg for 30 s; as shown in Figure E.4.

’ v

Figure E.4 — Pushing test

IEC

E.3.3 Test procedure
Sample packages shall be tested in the condition of the packaging as'sold to the consumer.

The humber of test samples shall be 10 packages. Each sample shall'bée subjected to a series
of tepts in the order and frequence outlined in Table E.1.

Table E.1 — Test procedure

Order Test item Number of times
(1) a) Bending test 50
(2) b) Torsion test 25
(3) c) Tearing test 1
(4) b) Torsion test 25
(5) a) Bending test 50
(6) c) Tearing test 1
(7) d) Pushing test 1

E.3.4 Criteria
Each test sample shalmeet the following criteria.

a) Hach cell shall. be’kept in its packaging until the end of the test series, and

b) In order toprevent a child from pulling the cell out from its compartment, the packaging ghall
not open.too wide. The maximum allowable size of an opening in the packaging is § mm
diameterfor a round hole (see Figure E.5 a) for an example) and 10 mm width for a slit|(see
igure“E.5 b) for an example) If the perlmeter of the cell itself |s protected the maximum
ell is

10 mm (see Flgure E. 5 c) for an example)

o T '
g — > g —_ >
§ S c
v ! 5
] { 8
— Y
e o
T4
IEC

—_—— —
IEC

IEC

a) Round hole b) Slit c) Arc in primary protective seal

Figure E.5 — Maximum packaging opening
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Annex F
(normative)

Use of the KEEP OUT OF REACH OF CHILDREN safety sign

General

Accidental ingestion of coin cells has become an object of public concern. When a coin cell
gets

stuck in the oesophagus, its battery voltage causes the electrolysis of water and the

e chemical burns, perforation of soft tissue, and in severe cases can cause death;

The purpose of the safety sign KEEP OUT OF REACH OF CHILDREN is to give,parents

havd
usug

children a heads-up as a mandatory action sign even if intended products are safe i
| sense of adults.

Thergefore, the purpose of the safety sign is to convey the message thatthese products shd

kept

F.2

out of reach of children in order to prevent accidental ingestion.

Safety sign

Wheh a safety sign is used to convey the message that these products shall be kept o
reach of children, the following applies. The safety sigh' fecommendation and cautionary ac
for use on batteries and battery packaging are givendn Table D.1, safety sign E, while wa

text

F.3
a)

b)

c)
d) |

F.4

a) R
b) T

or safety information about battery handling is given in Figure 9.

Marking on the packaging

efer to Table 10 for marking requiréments on packaging.

he safety sign shall appear on.€ontrasting background. The background shall cover at
0 % of the area of the pictogram.

he size of the safety sign;shall be such that the diameter is 6 mm or larger.

the text KEEP OUT.- OF REACH OF CHILDREN is used, it shall contrast with
ackground color enwhich it is printed.

Marking.on the cell

efer to Table 10 for marking requirements on coin cells.
he safety sign shall be applied durably and indelibly. No colour is required. Engra

can

who
h the

Il be

ut of
vice
ning

east

the

ving,

eltching, embossing or stamping are acceptable.

c) The safety sign on cells shall have a diameter of 6 mm or larger.

NOTE Alternative versions of the safety sign are shown in Figure F.1. The manufacturer can select any of them.

O o

IEC IEC IEC
a) Type1 b) Type 2 c) Type3

Figure F.1 — Safety signs for use on coin cells
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Annex G
(normative)

Measures against misuse of batteries not intended
for consumer replacement

G.1 Background

Lithium primary batteries are at risk of explosion or fire, if they are subjected to reverse
(chafging) curreni beyond the manufaciurer's assumed current value (conditions deviating[from

Test|l in 6.5.6).

Thenefore, under any circumstances, lithium primary batteries must not be rechafged.

Howgver, with the advent of lithium secondary batteries and their chargers that are pize-

compatible with the lithium primary batteries standardised in IEC 60086-2) there is a risk
the I{thium primary battery will be accidentally inserted into a battery charger.

In pgrticular, lithium primary batteries not standardised in IEC 60086-2 are at risk of particd
seriqus accidents.

that

larly

Batt¢ries not standardised in IEC 60086-2 are genérally not intended for constimer

repldcement but are distributed only to equipment m&nufacturers and at most to spec

alist

retailers and technically skilled consumers. They aré’génerally rigidly soldered or permangntly
and unmistakeably connected to a circuit by means of a harness. Under no circumstances must

they|[be inserted in battery compartments of equipment designed for battery replacement b
end fonsumer. This holds particularly for battépy chargers.

Refer to 7.1.2 for safety measures whjech must be implemented when such batterieg
incofporated into a circuit powered by.an independent main power source.

The purpose of this annex is to identify such batteries and specify requirements for their ma
packlaging, and placing on the.market.

G.2| Additional measures for the prevention of confusion of primary batteri

G.21 Identification of primary (non-rechargeable) batteries not intended for

Primjary/batteries are considered to present a particular risk when inserted in battery char
if tth have the fnllnwing prnlnnrtipc'

not intendéd for consumer replacement with secondary batteries

consumer replacement

y the

are

king,

gers

a) The battery belongs to voltage range 2 according to IEC 60086-1:2021, 4.1.7. This voltage
range is characterized by a standard discharge voltage in the range from 2,72 V to 3,68 V;

b)

c)

and

The battery is not specified in IEC 60086-2 but is dimensionally interchangeable w
battery type specified in IEC 60086-2; and

The battery meets one of the following conditions:
i) The battery is not intended for consumer replaceable applications; or

ii) The battery does not fulfil the design requirements of 4.1 c).

ith a

3 Such batteries typically comply with the definition of industrial batteries in the European Batteries Regulation

[28].
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NOTE Batteries with harnesses or solder tags are not considered to be dimensionally interchangeable with their
counterparts having no harnesses or solder tags.

G.2.2

consumer replacement

Marking and information requirements for primary batteries not intended for

Primary batteries that have been identified according to G.2.1 as presenting a particular risk
shall be placed on the market in such a way that they cannot end up in the reach of end users.
They shall not be sold into applications where they can be replaced and inserted in equipment
by the end user.

Where it cannot he prevented that such batteries end up in the reach of end users _the foll
addifional measures shall be taken:

a)

b)

c) I this marking, due to lack of space, cannot be applied on the battery itself, the ma
required in list item b) shall be confirmed on the immediate packaging; and
d) Tlhe indication according to list item b) shall also be appliédyin connection with offer
le in such a way that it can easily be found and read. Qffers for sale on the internet
E set up in such a way that the buyer, before compléting the purchase, has to co
parately that he has read and understood the indic¢ation.
G.2.3 Information responsibility of manufacturers and distributors

Manpfacturers and distributors of primary batteries that have been identified according to ¢
as pfesenting a particular risk shall inform_their customers about the particular risk of t
battgries and the requirements for their marking, e.g. by referring to Annex G of this docu
in the data sheets and in the shippingidocuments. Furthermore, they shall ensure i
apprppriate manner that this informationresponsibility is passed on along the supply chai

wing

he batteries shall be packed individually in an immediate packaging, e.g. in a cardb
ox or in a plastic bag; and

pquirements of the local product safety legislation with an indication’ that they arg

T
b
Tlhe batteries shall be marked visibly, legibly, and permanently aecording to
r
rechargeable and not intended for consumer replaceable applications;-and

oard

the
not

rking

5 for
shall
nfirm

5.2.1
hese
ment
N an

-
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

PILES ELECTRIQUES -
Partie 4: Sécurité des piles au lithium

AVANT-PROPQOS

L4 Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation ‘¢om
dgq I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'l[EC). L’IEC a pour ob
faporiser la coopération internationale pour toutes les questions de normalisation dans les ‘domain
I'dlectricité et de I'électronique. A cet effet, 'IEC — entre autres activités — publie des Normes’internatio
dgs Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS) 4
Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a des‘comités d’étude
travaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organis
infernationales, gouvernementales et non gouvernementales, en liaison avec I'lECs participent égalemer
travaux. L’'IEC collabore étroitement avec I'Organisation Internationale de Nofmalisation (ISO), selo
cdnditions fixées par accord entre les deux organisations.

Lgs décisions ou accords officiels de I'l[EC concernant les questions techniquesS)représentent, dans la mesy
pgssible, un accord international sur les sujets étudiés, étant donné que les/Comités nationaux de I'lEC intér|
sdnt représentés dans chaque comité d’études.

Lgs Publications de 'lEC se présentent sous la forme de recommandations internationales et sont ag
cdmme telles par les Comités nationaux de I'lEC. Tous les efforts.raisonnables sont entrepris afin que
s’assure de I'exactitude du contenu technique de ses publications; I'l[EC ne peut pas étre tenue responsa
I’dventuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

Dans le but d’encourager I'uniformité internationale, les<\€omités nationaux de I'lEC s’engagent, dans to
mesure possible, a appliquer de fagon transparente les.Publications de I'lEC dans leurs publications natid
et| régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications national
régionales correspondantes doivent étre indiquées en’/termes clairs dans ces dernieres.

L’|EC elle-méme ne fournit aucune attestatiopn\d€ conformité. Des organismes de certification indépen
foprnissent des services d’évaluation de cenhformité et, dans certains secteurs, accédent aux marqu
cdnformité de I'lEC. L’'IEC n’est responsable.d’aucun des services effectués par les organismes de certifi
infliépendants.

Tqus les utilisateurs doivent s’assurer qu’ils sont en possession de la derniere édition de cette publication

osée
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Adicune responsabilité ne doit étreimputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandataires,

y pompris ses experts particuliers' et les membres de ses comités d’études et des Comités nationaux de
pqur tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de qu
ndture que ce soit, directe_ 0u indirecte, ou pour supporter les colts (y compris les frais de justice) et les dép
ddcoulant de la publication ou de I'utilisation de cette Publication de I'l|EC ou de toute autre Publication de
oy au crédit qui lui est accordé.

L’attention est attirée sur les références normatives citées dans cette publication. L’utilisation de public
référencées est)obligatoire pour une application correcte de la présente publication.

L’|EC attirell’attention sur le fait que la mise en application du présent document peut entrainer I'utilisatio
oy de plusieurs brevets. L'IEC ne prend pas position quant a la preuve, a la validité et a I'applicabilité d
drpit de propriété revendiquée a cet égard. A la date de publication du présent document, I'l[EC n’avait pa
nqtifieation qu’un ou plusieurs brevets pouvaient étre nécessaires a sa mise en application. Toutefois, il y

I'EC,
elque
Enses
I'lEC,

htions

d’'un
e tout
regu
a lieu

d’avertir les responsables de la mise en application du présent document que des informations plus réd

ntes

sont susceptibles de figurer dans la base de données de brevets, disponible a 'adresse https://patents.iec.ch.

L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de brevet.

L'IEC 60086-4 a été établie par le comité d’études 35 de I'l[EC: Piles. Il s’agit d’'une Norme
internationale.

Cette sixiéme édition annule et remplace la cinquiéme édition parue en 2019. Cette édition
constitue une révision technique.
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Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a)

b)
c)
d)

Le tgxte de cette Norme internationale est issu des documents sdivants:

ajout de définitions pour les concepts de fuite et de dégazage, en complément des critéres
d’essai;

révision de I'essai de décharge excessive;

révision des exigences de marquage;

révision des critéres relatifs a I'essai des emballages a I’épreuve des enfants;

modification de I'objet de ’Annexe F, passant de "informative" a "normative";

des

iles qui ne sont pas destinées a étre remplacées par le consommateur;

imtégration du contenu de la Feuille d’Interprétation 1 (IEC 60086-4:2019/ISH1:2020);

reordonnancement des termes énumérés a I’Article 3 selon leurs fonctions: termes de Hase,
stemes électrochimiques, formes de piles, tailles de piles, caractéristiques électriques,
pécifications, considérations relatives a la sécurité, modes de défaillance;

n 6.4.4, réduction de 'exemption d’accélération pour I'essai de chotcs des piles au litHium,
assant de 12 kg a 4,482 kg, afin de refléter le fait qu’il s’agit du seuil défini pour I'essali T-4
e I'lEC 62281, dans lequel I'accélération maximale descend en.dessous de 150 g,..

Projet Rapport de vote
35/1571/FDIS 35/1579/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote gyant

aboti a son approbation.

La Igngue employée pour I’élaboration.de cette Norme internationale est 'anglais.

Ce document a été rédigé selonles Directives ISO/IEC, Partie 2, il a été développé selop les
Dire¢tives ISO/IEC, Partie 1.:6t)les Directives ISO/IEC, Supplément IEC, disponibles pous
www|.iec.ch/members_expefts/refdocs. Les principaux types de documents développéq par

I'IE] sont décrits plus en détail sous www.iec.ch/publications.

NOTH 1 Les caractéres d“imprimerie suivants sont utilisés:

ingtructions/aveftissements pour les consommateurs: en caracteres italiques.

Une| liste de toutes les parties de la série IEC 60086, publiées sous le titre géméral

Pileg électriques, se trouve sur le site Web de I'lEC.
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Le comité a décidé que le contenu de ce document ne sera pas modifié avant la date de stabilité
indiquée sur le site web de I'lEC sous webstore.iec.ch dans les données relatives au document
recherché. A cette date, le document sera

e reconduit,
e supprime, ou
e révisé.

NOTE 2 L’attention des Comités nationaux est attirée sur le fait que les fabricants d’appareils et les organismes
d’essai peuvent avoir besoin d’'une période transitoire aprés la publication d’un nouveau document IEC, ou d’un
document amende ou révisé, pour fabr|quer des prodU|ts conformes aux nouvelles eX|gences et pour adapter leurs
équipfmer i i ment
soit ajopte pour appllcatlon natlonale au plus tot 2 ans apres la date de publlcatlon La perlode transitoire s'applique
spécifiquement aux modifications apportées au Tableau 10. Entre-temps, il reste possible de commanderI'gdition
précéfdente en contactant votre Comité national local membre de I'lEC, ou bien le Secrétariat de I'l|EC.

IMBRORTANT - Le logo "colour inside™ qui se trouve sur la page de\couverture dg ce
do¢ument indique qu’elle contient des couleurs qui sont considérées comme utilgs a
uné¢ bonne compréhension de son contenu. Les utilisateurs devraient, par conséquent,
imprimer cette publication en utilisant une imprimante couleut:
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INTRODUCTION

La notion de sécurité est étroitement liée a la sauvegarde de I'intégrité des personnes et des
biens. Le présent document spécifie les essais et les exigences pour les piles au lithium, et a
été établi conformément aux lignes directrices ISO/IEC, en prenant en compte toutes les
normes nationales et internationales qui s’appliquent.

Les piles au lithium sont différentes des piles électriques conventionnelles utilisant un
électrolyte aqueux, dans la mesure ou elles contiennent des matériaux inflammables.

Par gonsequent, Irestimportant de bien prendre en compte la securite aux etapes que sgnt la
congeption, la production, la distribution, l'utilisation et la mise au rebut des piles auglitium.
Comipte tenu de leurs caractéristiques spécifiques, les piles au lithium pour les applications
grand public étaient a 'origine de petite taille et de faible puissance. Il existait égalemen{ des
piles| au lithium de forte puissance qui étaient utilisées pour des applications(industriell¢s et
militaires particuliéres, dont I'une des particularités était d’étre "remplagablespar un technigien".
La premiére édition du présent document avait été rédigée pour prendre.en compte g¢ette
situdtion.

Cepéndant, depuis la fin des années 1980 environ, des piles au lithium de forte puissancg¢ ont
commencé a étre largement utilisées sur le marché des piles remplagables pdr le
consgommateur, principalement en tant que source d’énergie dans’les appareils de prise de|vue.
La demande pour de telles piles au lithium de forte puissance ayant augmenté de maniére
significative, différents fabricants ont commencé , &0 en produire. Par conséquent,
les gonsidérations relatives a la sécurité des piles au lithium de forte puissance ont été incluses
dang la seconde édition du présent document.

Les |piles au lithium, tant pour les applications grand public que pour les applicajions
indusgtrielles, sont des produits du marché dent la slreté et la fiabilité sont bien établies,|cela
étant dd, au moins en partie, a 'existence dernormes de sécurité telles que le présent document,
ainsif que I'lEC 62281 pour le secteur dutransport. La quatrieme édition du présent document
ne reflétait que les modifications mineurées qui étaient devenues nécessaires pour qu’elle feste
harmonisée avec I'lEC 62281, et our continuer a améliorer les informations destinéps a
I'utilisateur en ce qui concerne la_sécurité.

Des [ignes directrices relatives aux questions de sécurité inhérentes a la conception des piles
au lithium sont donnéesta 'Annexe A. L’Annexe B donne des lignes directrices relativey aux
quedtions de sécurité inthérentes a la conception des matériels dans lesquels sont instajlées
des piles au lithium. ["Annexe A ainsi que I’Annexe B reflétent I'expérience acquise aveg les
piles au lithium utilisées dans les applications pour les appareils de prise de vue et sont fonflées

sur |l document-de référence [22].

Le danger,'d’ingestion des piles boutons est devenu un probléme et a été traité dang les
cinqliiémes et sixiémes éditions du présent document par plusieurs ures indépendaptes,
telle € : i : eHe—si & e RAHEGARFDES

Une nouvelle Annexe G stipule des mesures contre le mauvais usage des éléments et piles qui
ne sont pas destinés a étre remplacés par le consommateur.

1 Les chiffres entre crochets se référent a la Bibliographie.
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La sécurité est 'absence de risques inacceptables. La sécurité absolue ne peut pas exister:
il subsiste toujours un risque. De ce fait, la sécurité d’'un produit, d’'un procédé ou d’un service
ne peut étre que relative. La sécurité est obtenue en réduisant le risque a un niveau tolérable,
déterminé par la recherche d’un équilibre optimal entre l'idéal de sécurité absolue et les
exigences auxquelles doit répondre un produit, un procédé ou un service, et des facteurs tels
que le bénéfice pour l'utilisateur, 'adéquation a 'usage prévu, la rentabilité et les conventions
de la société concernée.

Dans la mesure ou la sécurité pose toutes sortes de probleémes, il est impossible d’établir une
liste de dispositions et de recommandations précises qui s’appliquent dans tous les cas.
Cependant, s’il est suivi de maniére judicieuse en fonction de son applicabilité, le présent
docuyment constitue une référence raisonnable et cohérente en ce qui concerne la sécurit¢.
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PILES ELECTRIQUES -

Partie 4: Sécurité des piles au lithium

1 Domaine d’application

Lap

résente partie de I'lEC 60086 spécifie les essais et les exigences pour les piles électri

Jues

au li
prév

NOTH
les eX
d’étre
Dans
partie

2

Les
de |

hium afin d’assurer leur fonctionnement en toute sécurité dans les conditions d’utilis
Lie et en cas de mauvais usage raisonnablement prévisible.

Les piles électriques au lithium qui sont normalisées dans I'l|EC 60086-2 sont prévues poup-satisfaire a
igences applicables ci-dessous. Il est entendu que la présente partie de I'|[EC 60086 est également susce
prise en compte pour mesurer les piles électriques au lithium non normalisées et/ou s’assurer de leur sé
les deux cas, il n’existe aucune déclaration ou garantie que la conformité ou la non-conformité a la pré
de I'lEC 60086 répondra ou ne répondra pas aux objectifs ou aux besoins particuliers de I'utilisateur.

Références normatives

jocuments suivants sont cités dans le texte de sorte qulils constituent, pour tout ou p
pbur contenu, des exigences du présent document. Rour les références datées, §

ation

outes
ptible
urité.
sente

artie
eule

I’édifion citée s’applique. Pour les références non datées,la derniére édition du document de

réfén

IEC

IEC

IEC

3

Pour

L’1S(
enn

Termes et définitions

ence s’applique (y compris les éventuels amendements).
50086-1:2021, Piles électriques — Partie 1:,Généralités
50086-2, Piles électriques — Partie 2: Spécifications physiques et électriques

52281, Sécurité des piles et des aceumulateurs au lithium pendant le transport

les besoins du présent document, les termes et définitions suivants s’appliquent.

D et I'l|EC tiennént-a jour des bases de données terminologiques destinées a étre utili
brmalisation, ‘consultables aux adresses suivantes:

FC Electropedia: disponible a I'adresse https://www.electropedia.org/
50 Online browsing platform: disponible a I'adresse https://www.iso.org/obp

NOTH

5ées

Certaines définitions tirées de I'EC 60050-482, de I'lEC 60086-1 et du Guide ISO/IEC 51 sont rép

étées

ci-apr

3.1

es, dans un souci de commodité.

élément
unité fonctionnelle de base, consistant en un assemblage d’électrodes, d’électrolyte,
de conteneur, de bornes et généralement de séparateurs, qui est une source d’énergie
électrique obtenue par transformation directe d’énergie chimique

[SOURCE: IEC 60050-482:2004, 482-01-01]
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3.2

pile

un ou plusieurs éléments raccordés électriquement et placés dans un boftier, avec des bornes,
des marquages et des dispositifs de protection, etc., selon ce qui est nécessaire pour
I'utilisation

[SOURCE: IEC 60050-482:2004, 482-01-04, modifié - L’expression "équipés des dispositifs
nécessaires pour I’emploi, par exemple boitier" a été remplacée par "raccordés électriquement
et placés dans un boitier", et I’expression "etc., selon ce qui est nécessaire pour l'utilisation" a
été ajoutée.]

3.3
élément composant
élément contenu dans une pile

3.4
élément au lithium
élément contenant un électrolyte non aqueux et dont I'électrode négative est constituée de
lithium ou en contient

[SOYRCE: IEC 60050-482:2004 482-01-06, modifié - La note a été-supprimée.]

3.5
élément bouton au lithium
pile bouton au lithium

petit|élément ou petite batterie de forme ronde dont42a hauteur totale est inférieure au diamtre,
contenant de I’électrolyte non aqueux

Note [I a I’Article: La tension nominale des piles au.lithidm est généralement supérieure a 2 V. Voir égalemgnt la
définifion de "pile bouton" dans I'l[EC 60086-5.

Note P a I'Article:  Voir 7.3 pour la suggestion‘d'dtilisation des termes en variante.

Note B a l'article: Dans la version anglaisé,)les termes "lithium button cell" (élément bouton au lithium) et "lfthium
button battery" (pile bouton au lithium).sont’fournis comme des termes en variante pour "coin cell" (élément bouton
lithium) et "coin battery" (pile bouton(lithium), afin d’éviter d’utiliser les termes "button cell" (élément boutpn) et
"buttgn battery" (pile bouton), qui induiraient le lecteur en erreur car leur signification est différente, voir la P3rtie 1
de cefte série de normes.

Il conjvient par conséqueni-d’omettre les termes "coin cell" (élément bouton lithium) et "coin battery" (pile blouton
lithiurh) dans les langues.pour lesquelles ils n’ont pas d’équivalent littéral permettant de faire la distinction.

[SOURCE: IEC 680050-482:2004 482-02-40, modifié — Les termes ont été modifiés, la n¢te a
I'article a été remplacée par de nouvelles notes a l'article.]

3.6
élément cylindrique
pile i i
élément rond ou pile ronde dans laquelle la hauteur totale est supérieure ou égale au diamétre

[SOURCE: IEC 60050-482:2004, 482-02-39, modifié - L’expression "élément de forme
cylindrique" a été remplacée par "élément rond ou pile ronde".]

3.7

élément parallélépipédique

pile parallélépipédique

élément ou batterie ayant la forme d’un parallélépipéde dont les faces sont rectangulaires

[SOURCE: IEC 60050-482:2004, 482-02-38]
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3.8
gran
élém

3.9
gran

d élément
ent dont la masse brute est supérieure a 500 g

de pile

pile dont la masse brute est supérieure a 12 kg

3.10
tens
vale

ion nominale

r approchée appropriée d'une tension, utilisée pour désigner ou identifier un élément,

une
[SOU

3.11
tens
ocV

tens
exte

[SOL

tens
remg

3.12
caps

décl
[SOL

3.13
prof
DOD
pour|

Note

3.14
non
état

valeﬂr de la capacité d’'un élément ou d’'une pjle déterminée dans des conditions spécifié

pile, ou un systéme électrochimique

JRCE: IEC 60050-482:2004, 482-03-31]

on en circuit ouvert

, Uoc, tension a vide

on électrique aux bornes d’'un élément ou d’une pile en I'absence de circulation de codirant
ne

JRCE: |IEC 60050-482:2004, 482-03-32, modifié - Les<termes en variante "OCV,

on a vide" ont été ajoutés, I’expression "quand le gourant de décharge est nul" g
lacée par "en I'absence de circulation de courant €xterne".]

cité assignée

rée par le fabricant

Uoc:
été

bs et

hrge".

JRCE: IEC 60050-482:2004, 482-03=15, modifié - L’expression "élément ou" a été ajoutée.]
bndeur de décharge
centage de capacitéiassignée déchargée d’'un élément ou d’une pile

a l'article: L’abrévjation "DOD" est dérivée du terme anglais développé correspondant "Depth Of Disch
déchargé
d'un_étément ou d’une pile électrique a une profondeur de décharge de 0 %

3.15

complétement déchargé
état d’'un élément ou d’une pile a une profondeur de décharge de 100 %

3.16
dom

mage

blessure physique ou atteinte a la santé des personnes, ou atteinte aux biens ou a
I’environnement

[SOURCE: Guide ISO/IEC 51:2014, 3.1]
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danger
source potentielle de dommage

[SOURCE: Guide ISO/IEC 51:2014, 3.2]

3.18

risque
combinaison de la probabilité de la survenue d’'un dommage et de sa gravité

[SOL

3.19
sécy

absgnce de risque intolérable

[SO\

3.20
utilis

utilisption conforme aux informations fournies avec un produit,oujyun systéme ou, en I'abs

de tq
[SO\

3.21
mau

utilisption d’un produit, d’'un procédé ou d’un(Systéme dans des conditions ou a des fins

prév
[SOU

3.22

dispositif de protection

disp

élecfroniques, congus poeur interrompre la circulation du courant, bloquer la circulatio

cour

3.23

V. 2.0 alifl 2 l + St S + 4 1
=, J.J, I"MTUUIIT LA TIULIT a TLT SUPYMITITITT. |

rité

JRCE: Guide ISO/IEC 51:2014, 3.14]

sation prévue

lles informations, conforme aux profils d’utilisation généralement entendus

RCE: Guide ISO/IEC 51:2014, 3.6]

vais usage raisonnablement prévisible

Les par le fournisseur, mais qui peut provenir d’'un comportement humain envisageab

JRCE: Guide ISO/IEC 51:2014, 3.7y modifié - Les notes ont été supprimées.]

psitifs tels que les fusibles, les diodes ou d’autres limiteurs de courant électrique

ant dans un sensou limiter la circulation de courant dans un circuit électrique

fuit
éch
d’un

ppement-imprévu d’électrolyte, de gaz ou d’'un autre matériau a partir d’'un élémen
b pile

ence

non
le

5 ou
N du

t ou

Note

PETI NPE I : — £ ! 1 PR P : PR I : IPRY s }
d TATUUIT. I CUTNvIETIL Ut TIS pds CUINTUTIATE 1€ CUTNTCEPL Ut TUTLlE aifist detrlit avel 15 CITIeTes U ©vdal

d’essai relatifs a I'identification d’'une fuite, spécifiés a I'’Article 6.

3.24

dégazage
libération d’'un excédent de pression interne depuis un élément ou une pile, d’'une maniére ayant
été prévue par la conception

Note 1 a I'Article:

d’essai relatifs a I'identification d’'un dégazage, spécifiés a I'’Article 6.

ation

Il convient de ne pas confondre le concept de dégazage ainsi décrit avec les critéres d’évaluation
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4 Exigences relatives a la sécurité

4.1

Conception

Les piles au lithium sont classées en fonction de leur composition chimique (anode, cathode,
electrolyte), de leur construction interne (bobine, spirale) et sont disponibles dans des
configurations cylindriques, de type bouton, et parallélépipédiques. Il est nécessaire de prendre
en compte toutes les considérations correspondantes relatives a la sécurité, au moment de la
conception de la pile, en intégrant le fait qu’elles peuvent considérablement différer, en fonction
du systéme au lithium mis en ceuvre, de la puissance et de la configuration de la pile.

Les
piles

hotions suivantes de conception visant a assurer la sécurité sont communes a toute
au lithium:

a) un échauffement anormal dépassant la valeur critique définie par le fabricantdoit étre

P

ar la conception;

b) |

c)

Q D

Si, ¢
les ¢

Voir

4.2

Le f4q
le co
appl
fabri
enge
des

5

5.1

Les
exigs
exigs

nception qui limite la circulation du courant;

‘utilisation prévue et de mauvais usage raisonnablement prévisible.

ans des cas particuliers, cette notion de conception nevpeut pas étre mise en ce
xigences organisationnelles décrites dans I’Annexe G doivent s’appliquer.

Plan qualité

bricant doit préparer et mettre en ceuvre un plan qualité définissant les procédures

produits.

Fssais de type et-échantillonnage

Validité des essais

élémentsyou les piles au lithium doivent étre soumis aux essais conformément

bnces n'ont pas été modifiées. De nouveaux essais sont exigés lorsque:

5 les

Bvité

s augmentations de température a l'intérieur de la pile doivent étre,maftrisées parf une

s éléments et les piles au lithium doivent étre congus pour libérer-des pressions intgdrnes
xcessives ou pour empécher une rupture violente dans des)conditions de transfport,

Ivre,

’Annexe A pour les lignes directrices a suivre afin d’assurer la sécurité des piles au litHium.

pour

ntrole des matériaux, composants, gléments et piles au cours de la fabrication, devan{ étre
quées au processus complet de fabrication d’un type spécifique de pile. Il convient qug les
cants comprennent leurs capacités opérationnelles de processus et il convient qu’ils
gent les contrbles de processus nécessaires dans la mesure ou ils sont liés a la sédurité

aux

bnces<du”présent document. Les essais restent valides tant que la conception od les

a)
v

e bpébifibdtiull UIU ImMassSt dU pIiC leiﬂ UIU piua UIU 0,1 Yy uu 20 n//O, id piua l‘.jldlluI
aleurs étant retenue, pour la cathode, I’anode ou I’électrolyte;

des

b) la modification d’'une spécification d’une pile entrainerait un échec de I'un quelconque des
essais;

c) d

e nouveaux essais ou de nouvelles exigences sont ajoutés; ou

d) la modification d’'une exigence entrainerait un échec de I'un quelconque des essais.

5.2

Echantillons d’essai

Il convient de prélever des échantillons dans les lots de production conformément aux
méthodes statistiques acceptées. Le nombre d’échantillons d’essai est donné dans le Tableau 1.
Les mémes éléments et piles d’essai sont utilisés pour les essais A a E successivement.

Des

éléments et des piles d’essai neufs sont exigés pour chacun des essais F a M.
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Tableau 1 — Nombre d’échantillons d’essai

IEC 60086-4:2025 © |IEC 2025

Essais Etat de décharge Eléments ou p’|I¢’a comportant P|Ie.s com'pf)rtant
un seul élément 2 plusieurs éléments
Non déchargé 10 4
EssaisAaE
Complétement déchargeé 10 4
Non déchargé 5 5 éléments composants
Essai Fou G
Complétement déchargé 5 5 éléments composants
Essai H Complétement déchargeé 10 10 éléments composants
EspaisTa K Non déchargé 5 5
Essai L Non déchargé 20P n/a
Pile de
Prédéchargés a 50 % type 10¢ n/a
CR
Pile de
Completement déchargé | type 109 n/a
CR
Fssai M
Pile de
Prédéchargés a 50 % type 20¢ n/a
FR
Pile de
Completement déchargé | type 20* n/a
FR
Légdgnde
n/a: hon applicable
2@ Dans le cas des piles comportant un seul élément pout'lesquelles un élément composant a été soumis a
gssai, de nouveaux essais ne sont pas exigés, sauf(8j la modification est susceptible de conduire a un échec
de I'un quelconque des essais.
b Quatre piles connectées en série avec I'une.des quatre piles inversée (5 ensembles).
¢ Deux piles de type CR connectées en\série, I'une d’elles étant prédéchargée a 50 % (5 ensembiles).
Lféchantillonnage des éléments non déchargés doit provenir d’un seul et méme lot de production.
4  Deux piles de type CR connectéés en série, I'une d’elles étant complétement déchargée (5 ensemfles).
Lféchantillonnage des éléments\non déchargés doit provenir d’un seul et méme lot de production.
¢ Quatre piles de type FR connectées en série, I'une d’elles étant prédéchargée a 50 % (5 ensembiles).
Léchantillonnage des éléments non déchargés doit provenir d’un seul et méme lot de production.
f Quatre piles de type\ER connectées en série, 'une d’elles étant complétement déchargée (5 ensemfles).
Léchantillonnage des éléments non déchargés doit provenir d’un seul et méme lot de production.

6

6.1

6.1.

Essais et exigences

—Geénératités

1 Matrice d’application d’essai

L’applicabilité des méthodes d’essai aux éléments et piles d’essai est présentée dans le
Tableau 2.
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Tableau 2 — Matrice d’application d’essai

Essais applicables
Forme
A B Cc D E F G H | J K L M
s X X X X X x @ x2 X X X X x b x©
m X X X X X x@d | xad]| xd X X X n/a n/a
Description des essais: Légende:
Essais relatifs a I'utilisation | Essais relatifs a de mauvais usages
prévue raisonnablement prévisibles Forme
A: Altitude E: Court-circuit exterieur S: element ou pile comportant
B: Qycles thermiques F: Impact un seul élément
C: Vibrations G: Ecrasement ) )
D: Ghocs H: Décharge forcée m. pile comportant des
I:  Charge anormale éléments multiples
J: Chute libre
K: Tempergturg élevée Applicabilité
L: Installation incorrecte
M: Décharge excessive X: applicable
n/a: non-applicable

n seul essai doit étre appliqué, I'essai F ou I'essai G.

niquement applicable aux modeles CR17345, CR15H270, FR14505 jet aux piles de type similaire,
e construction en spirale, susceptibles d’étre installées de maniére irficorrecte et chargées.

le construction en spirale, susceptibles de subir une décharge&xcessive.

4
4
d
¢ Uniquement applicable aux modéles CR17345, CR15H270, FR14505FR10G445 et aux piles de type similaire,
d
U

essai s’applique aux éléments composants.

6.1.2 Mise en garde

AVERTISSEMENT: Ces essais imposent I'utilisation de procédures qui peuvent entrainer
des blessures si‘des précautions appropriées ne sont pas prises.

Lors de larédaction de ces essais, il a été pris pour hypothése ql’ils
seraient\\réalisés par des techniciens suffisamment qualifiés| et
expérimenteés, utilisant une protection appropriée.

6.1.3 Température ambiante

Sauf| spécification contraire, les essais doivent étre effectués a une température ambianfe de
20 °C + 5 2C.

6.1.4 Tolérances de mesure des paramétres

L’exactitude globale des valeurs contrélées ou mesurées, par rapport aux parametres spécifiés
ou réels, doit se situer dans les tolérances suivantes:

a) 1% pour la tension;
b) +1 % pour le courant;
c) 2 °C pour la température;

d) 20,1 % pour la durée;
e) +1 % pour les dimensions;
f) 1% pour la capacité.

Ces tolérances comprennent I’exactitude combinée des appareils de mesure, des techniques
de mesure utilisées et de toute autre source d’erreur dans la procédure d’essai.
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6.1.5 Prédécharge

Lorsqu’un essai exige une prédécharge, les éléments d’essai ou les piles d’essai doivent étre
déchargés a leur profondeur respective de décharge, sur une charge résistive avec laquelle la
capacité assignée est obtenue, ou a un courant spécifié par le fabricant.

6.1.6  Eléments supplémentaires

Si des éléments supplémentaires sont exigés pour réaliser un essai, ils doivent étre du méme

type

et, de préférence, du méme lot de production que I’élément d’essai.

6.2
6.2.1

Un ¢

Evaluation des criteres d’essai
Court-circuit

ourt-circuit est considéré s’étre produit pendant un essai si la tension en cifcuit ouve

I’élément ou de la pile immédiatement aprés I'essai est inférieure a 90 % de\sa valeur &g

I'ess|
déch

6.2.2

Un 4
exté

6.2.3

Une
(ar
oud
dans

L’éq

ou
my

ma

ai. Cette exigence n’est pas applicable aux éléments ni aux piles d’essai compléte
argeés.

Echauffement excessif

ieure du boitier de I’élément ou de la pile d’essai dépasse” 170 °C.

Fuite

fuite est considérée s’étre produite pendant unessai si de I’électrolyte ou une autre m

xception du boitier de pile, des dispositifs’de manipulation ou des étiquettes) de I'élé
la pile d’essai correspondant a une*perte de masse dépassant les limites consig
le Tableau 3.

s’éc{appe de maniére visible de I'élément ou dé&la pile d’essai, ou s’il y a une perte dem

Lation suivante est donnée paunquantifier la perte de masse Am / m:

™M™ 100 %

m

Am | m

est la massetavant un essai;

est la.masse aprés un essai.

Tableau 3 — Limites de perte de masse

It de
vant
ment

chauffement excessif est considéré s’étre produit pendant un essai si la température

iere
iere
ment
hées

Masse de I’élément ou de la Limite de perte de masse

ile
P Am | m

m
m<1g 0,5 %
1g<sm<75¢g 0,2 %

m>75g 0,1 %
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6.2.4 Dégazage

Un dégazage est considéré s’étre produit si, au cours d'un essai, et par suite d’'une
augmentation excessive de la pression interne, des gaz s’échappent d’'un élément ou d’une pile
par un dispositif de libération de la pression congu a cet effet. Ces gaz peuvent contenir des
matériaux piéges.

6.2.5 Feu

Un feu est considéré s’étre produit si, au cours d’'un essai, des flammes sont produites par
I’élément ou la pile d’essai.

6.2.6

Une

Rupture

rupture est considérée s’étre produite si le conteneur d’'un élément ou le boitierd’ung

liqui
6.2.7

Une
pile
élém
L’én
réali

a suL)i une défaillance mécanique, entrainant une expulsion de gaz ou un déversemer

es, mais sans éjection forcée de matériaux solides.

Explosion

explosion est considérée s’étre produite si le conteneur d’un-élément ou le boftier d
5’ouvre avec éjection violente de composants solides. Pendant’les essais réalisés su
ents ou des éléments composants, I'éjection de composants internes est accept
brgie des composants éjectés doit étre limitée. Si celavest exigé, la mesure peut
Eée comme suit:

a) il

b) |

Q

6.3

Le p

les mauvais usages raisonnablement prévisibles (essais E a M). Le Tableau 4 contient une

d’en
raisg

n’'y a pas de pénétration dans un écran grillagé)(econstitué de fils d’aluminium recuit

pile
t de

‘une
des
hble.
étre

d’un

iamétre de 0,25 mm avec une densité de grille*de 6 fils a 7 fils par centimétre) placé a

5 cm de I'’élément; ou

mesure peut étre réalisée en suivantuf'e méthode qui a été démontrée équivaler
elle décrite en a).

Essais et exigences — Vue d’ensemble

résent document fournit des, essais de sécurité pour I'utilisation prévue (essais A a

semble des essais et des exigences concernant l'utilisation prévue et les mauvais us
nnablement prévisibles.

te a

D) et
vue
hges
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Tableau 4 — Essais et exigences

Numéro d’essai Désignation Exigences

Essais relatifs a 'utilisation prévue A Altitude NL, NV, NC, NR, NE, NF

B Cycles thermiques NL, NV, NC, NR, NE, NF

C Vibrations NL, NV, NC, NR, NE, NF

D Chocs NL, NV, NC, NR, NE, NF
Essais relatifs a de mauvais usages E Court-circuit extérieur NT, NR, NE, NF
raisonnablement prévisibles . impact NT. NE. NF

G Ecrasement NT, NE, NF

H Décharge forcée NE, NF

| Charge anormale NE, NF

J Chute libre NV, NE, NF

K Température élevée NE, NF

L Installation incorrecte NE, NE

M Décharge excessive NE, NF

Les pssais A a E doivent étre exécutés les uns apres les autres sur le mémeélément ou la méme pile.
Les pssais F et G sont des variantes. Seul I'un d’entre eux doit étre exécuté.

Légende

NC:| Pas de court-circuit NR: Pas de rupture

NE:| Pas d’explosion NT: Pas d’échauffement excessif
NF:| Pas d’incendie NV: Pas de ventilatien

NL: | Pas de fuite

Voir|6.2 pour une description détaillée des criteres d’essai,

6.4 | Essais relatifs a 'utilisation préyue

6.4.1 Essai A: Altitude

a) Qbjet

(et essai simule les conditions de basse pression propres au transport aérien.
b) Hrocédure d’essai

Ues éléments et'piles d’essai doivent étre stockés a une pression ne dépassant| pas
11,6 kPa pendaht'au moins 6 h a température ambiante.

c) Hxigences

ne doit-y avoir ni fuite, ni dégazage, ni court-circuit, ni rupture, ni explosion, ni feju au
cours de cet essai.

6.4.2 _ Essai B Cycles thermigques
a) Objet

Cet essai évalue l'intégrité de I'étanchéité des éléments et des piles et celle de leurs
connexions électriques internes. L’essai est exécuté en appliquant des cycles de
température.

b) Procédure d’essai

Les éléments et piles d’essai doivent étre stockés pendant au moins 6 h a une température
d’essai de 72 °C, puis stockés pendant au moins 6 h a une température d’essai de —40 °C.
La durée maximale de transition vers chaque température doit étre de 30 min. Chacun des
éléments et piles d’essai doit étre soumis a cette procédure 10 fois. Celle-ci est suivie par
un stockage pendant au moins 24 h a température ambiante.

Pour les grands éléments et les grandes piles, la durée d’exposition aux températures
d’essai doit étre d’au moins 12 h au lieu de 6 h.


https://iecnorm.com/api/?name=74497ef0137850458435d5230114f93a

IEC 60086-4:2025 © |IEC 2025 - 69 -

La Figure 1 représente un schéma de I'un des dix cycles thermiques.

L’essai doit étre réalisé en utilisant les éléments et les piles d’essai précédemment soumis

a I'essai d’altitude.

+72°C
/
/ \ /
/ \ /
/ \ /
/ \ /
\ /
\ /
\ /
\ /
-0 °C
I I I ]
-3 e | kc
Légende
t1s3)rnm

, 2 6[h (12 h pour les grands éléments et les grandes piles)
Figure 1 — Procédure pour les cycles.thermiques

c) Hxigences

dours de cet essai.
6.4.3 Essai C: Vibrations
a) Qbjet

fondées sur la gamme de vibrations-fournie par 'OACI [2].
b) Hrocédure d’essai

face des bornes.

A I'essaide cycles thermiques.

Il ne doit y avoir ni fuite, ni dégazage, ni court-Cir¢uit, ni rupture, ni explosion, ni feu au

Cet essai simule des vibrations survenant pendant le transport. Les conditions d’essai[sont

LUes éléments et piles d’essai*doivent étre solidement fixés a la plate-forme du générateur
e vibrations, sans déformation et de maniére a transmettre fidélement les vibratfons.
es éléments et piles d’essai doivent étre soumis a des vibrations sinusoidales selgn le
ableau 5, qui stipule'une amplitude d’accélération supérieure différente pour les grahdes
iles. Ce cycle deit.étre répété 12 fois pendant 3 h au total, pour chacune des trois posifions
e montage mutuellement perpendiculaires. Une des directions doit étre perpendiculalire a

‘essai doit étre réalisé en utilisant les éléments et les piles d’essai précédemment soumis
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Tableau 5 - Profil de vibrations (sinusoidales)
Plage de fréquences Amplitudes Durée du cycle de Axe Nombre
N balayage logarithmique de cycles
De A (7 Hz — 200 Hz - 7 Hz)
fy=7Hz Sy a =1g, X 12
Sy J3 s=0,8mm Y 12
15 min
J3 f4 =200 Hz a, 4 12
etretoura f, =7 Hz Total 36
Léggnde
S Iy fréquences inférieure et supérieure
Jo I3 fréquences de transfert;
S5 = 17,62 Hz; et
f3 = 49,84 Hz, sauf pour les grandes piles, pour lesquelles f; = 24,92 Hz
a,, ap amplitudes d’accélération; a, = 8 g, sauf pour les grandes piles, pour lesquelles a, = 2 g,
s amplitude de déplacement
NOTE 1 L’amplitude de vibration est la valeur absolue maximale de déplacemeént ou d’accélération. Par exemple,
une gmplitude de déplacement de 0,8 mm correspond a un déplacement créte a créte de 1,6 mm.
NOTE 2 ¢,-980665m /s

Hxigences

dours de cet essai.

6.4.4 Essai D: Chocs

dbjet
Cet essai simule des manipalations brutales survenant pendant le transport.
rocédure d’essai

F
L
r
Ghaque élément ou pile d’essai doit étre soumis a 3 chocs selon chaque direction des
P
c
T

ableau.6_doivent étre appliqués.

Tableau 6 — Parameétres de chocs

Il ne doit y avoir ni fuite, ni dégazage,.ni<¢ourt-circuit, ni rupture, ni explosion, ni feu au

es éléments et piles d’essai doivent étre fixés sur 'appareil d’essai au moyen d’'un montage
gide venant au (contact de toutes les faces de chacun des éléments ou piles d’efsai.

trois

ositions de«montage mutuellement perpendiculaires de I'’élément ou de la pile, c¢ qui
orrespond¢a’ 18 chocs au total. Pour chaque choc, les paramétres donnés darls le

Forme Accélération de Durée des Nombre de chocs

d’onde créte impulsions par demi-axe
Eléments ou piles, sauf ceux de _ Serr_1_|- 150 g, 6 ms 3
grand format sinusoidale

s . Semi-
50
Grands éléments ou grandes piles sinusoidale &n 11 ms 3
2

NOTE ¢,-980665m/s

Pour les piles électriques au lithium dont la masse dépasse 4,482 kg, la méthode de 'essai

T-4 de I'l[EC 62281 peut étre utilisée.

L’essai doit étre réalisé en utilisant les éléments et les piles d’essai précédemment so
a I’essai de vibrations.

umis
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c)

6.5

Exigences

Il ne doit y avoir ni fuite, ni dégazage, ni court-circuit, ni rupture, ni explosion, ni feu au
cours de cet essai.

Essais relatifs a de mauvais usages raisonnablement prévisibles

6.5.1 Généralités

Les méthodes d’essai décrites ci-apres ont été développées pour les piles spécifiées dans
I'IEC 60086-2. Cependant, elles doivent également s’appliquer aux piles qui n’y sont pas
spécifiées. Pour les piles non spécifiées dans I'lEC 60086-2, les exigences supplémentaires

décritesdans FATMExXe G S appiquent.

6.5.2 Essai E: Court-circuit extérieur

6.5.3 Essai F: Impact

a)

b)

Qbjet

Get essai simule les conditions entrainant un court-circuit extérieur.
RArocédure d’essai
Ueéeléement ou la pile d’essai doit étre stabilisé a une température.extérieure du boitigr de
55 °C et ensuite soumis a un état de court-circuit avec uneg résistance externe tptale
imférieure a 0,1 Q a 55 °C. Cet état de court-circuit est maintenu‘pendant au moins 1 h gprés
ptour a 55 °C de la température extérieure du bofitier de [’élément ou de Ila pile.

r
Hour les piles électriques au lithium dont la masse dépasse 12 kg, la méthode de I'gssai
T-5 de 'IEC 62281 peut étre utilisée.
L
L

‘échantillon d’essai doit étre observé pendant une durée supplémentaire de 6 h.

‘essai doit étre réalisé en utilisant les échantillons d’essai précédemment soumis a I'gssai
de chocs.

Hxigences

Il ne doit se produire aucun échauffement excessif, aucune rupture, aucune explosion ou
ducun feu pendant cet essai et pendant le temps d’observation de 6 h.

Qbjet

Cet essai simule les séviees mécaniques résultant d’'un impact qui peut conduire a un cpurt-
ircuit interne.

rocédure d’essai

G
F
Uessai d’impagt.est applicable aux éléments cylindriques d’au moins 18 mm de diameéjre.
L
U

Re-masse-de-9:1kg+0-1kg hée-d'ure-hauteurde-64-6m & Rtersettion

de la barre et de I'’échantillon d’essai, de fagon contr6lée, au moyen d’un rail ou d’'une
goulotte de guidage vertical pratiquement sans frottement et présentant une résistance de
trainée minimale sur la masse en chute. Le rail ou la goulotte de guidage vertical utilisé
pour guider la masse en chute doit étre incliné a 90 degrés par rapport a la surface
horizontale supportant le dispositif.

L’échantillon d’essai doit subir I'impact en ayant son axe longitudinal paralléle a la surface
plane et perpendiculaire a I'axe longitudinal de la barre en acier inoxydable reposant au
centre de I’échantillon d’essai (voir la Figure 2).
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1 IEC

=

OTE La figure montre une surface plane et lisse (1) et une barre en acier inoxydable (2) qui est placée
entre de I’échantillon d’essai (3). Une masse (4) tombe a l'intersection, de fagon contr6lée au moyen
pulotte de guidage vertical (5).

«Q 0

Figure 2 — Exemple de montage d’essai pour I’essai.d’impact

Ghaque élément d’essai ou élément composant doit étre solmis a un seul impact.
L'échantillon d’essai doit étre observé pendant une durée\stpplémentaire de 6 h.
Uessai doit étre réalisé en utilisant des éléments d’essai ou des éléments composant
nont pas été précédemment soumis a d’autres essais.

Hxigences

Il ne doit se produire aucun échauffement excessif, aucune explosion ni aucun feu pen
get essai et pendant le temps d’observation;de 6 h.

6.5.4 Essai G: Ecrasement

b)

Qbjet

(et essai simule les sévices mé€eaniques résultant d’'un écrasement qui peut conduire
ourt-circuit interne.

rocédure d’essai

‘essai d’écrasement. est applicable aux éléments de type bouton, parallélépipédia
ouples, et aux éléments cylindriques de diamétre inférieur a 18 mm.

‘écrasement.doit étre progressif, effectué a une vitesse d’environ 1,5 cm/s au mome
remier ceniact. L’écrasement doit étre maintenu jusqu’a ce que l'une des trois condi

G
F
L
S
Un élément ou-/élément composant doit étre écrasé entre deux surfaces pl3
L
P
di-dessous’soit obtenue:

1

) da-force appliquée atteint 13 kN + 0,78 kN;

sur le
d’'une

5 qui

dant

aun

ues,

nes.
nt du
ions

EXEMPLE: La force peut eire appliquee par un verin hydraulique avec un piston de 32 mm de dia
jusqu’a ce qu’'une pression de 17 MPa soit atteinte sur le vérin hydraulique.

2) la tension de I'élément chute d’au moins 100 mV; ou

3) l'élément est déformé d’au moins 50 % par rapport a son épaisseur d’origine.
Dés que I'une des conditions ci-dessus est remplie, la pression doit étre relachée.
Un élément parallélépipédique ou souple doit étre écrasé en appliquant la force s

métre

ur le

c6té ayant la surface la plus grande. Un élément bouton lithium doit étre écrasé en
appliquant la force sur ses surfaces planes. Pour les éléments cylindriques, la force
d’écrasement doit étre appliquée perpendiculairement a I'axe longitudinal. Voir la

Figure 3.
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4 4
2 2 2
3 3
1 IEC IEC 1 IEC
a) Elément parallélépipédique h) Elément boutaon r‘) Elément r‘ylindriqup

ou souple

NOTH Les figures montrent deux surfaces planes (1 et 2) avec des piles (3) de formes différentes) placées|entre
elles pour I'écrasement, au moyen d’un piston (4).

Figure 3 — Exemples de montage d’essai pour I’essai d’écrasement

Chaque élément d’essai ou élément composant doit étre soumis_a un seul écrasenpent.
L’échantillon d’essai doit étre observé pendant une durée supplémentaire de 6 h.

L’essai doit étre réalisé en utilisant des éléments d’essai_ou des éléments compogants
qui n'ont pas été précédemment soumis a d’autres essais.

c) Hxigences

ne doit se produire aucun échauffement excessif, aucune explosion ni aucun feu pendant
get essai et pendant le temps d’observation de 6<h.
6.5.5 Essai H: Décharge forcée

a) Qbjet

CGet essai évalue la capacité d’'un élément a résister a une condition de décharge forcge.
b) Hrocédure d’essai

CGhaque élément doit étre soumis a une décharge forcée a température ambiante ¢n le
connectant en série a une.alimentation en courant continu de 12 V a un courant initial{égal
qu courant de décharge€antinu maximal spécifié par le fabricant.

Ue courant de décharge- spécifié est obtenu en connectant une charge résistive de taille et
e caractéristiques~assignées appropriées en série avec I'élément d’essai et 'alimentation
n courant continu"Chaque élément doit étre soumis a une décharge forcée pendanf une
urée égale atsa capacité assignée divisée par le courant d’essai initial.

(et essaj-doit étre réalisé en utilisant des éléments d’essai ou des éléments compogants
complétement déchargés, qui n’ont pas été précédemment soumis a d’autres essais.

c) Hxigences

ILne doit se produire ni explosion ni feu au cours de cet essai et dans les 7 jours qui sulvent
I'essai.

6.5.6 Essai I: Charge anormale
a) Objet

Cet essai simule la condition dans laquelle une pile est installée dans un dispositif et se
trouve exposée a un courant inverse (charge) provenant d’'une alimentation externe, par
exemple une unité de sauvegarde de mémoire comportant une diode défectueuse
(voir 7.1.2). La condition d’essai repose sur 'UL 1642 [19].

NOTE Cet essai ne prend pas en compte le cas ou une pile est soumise a un mauvais usage correspondant a
une insertion dans un chargeur de batterie (confusion involontaire avec une pile rechargeable).
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